
































































































































































































































































































Fig. 1: Montipora capitata colony affected by chronic tissue loss (cMWS). 
Small cMWS lesions exposing the white calcium carbonate skeleton are rapidly 




Fig. 2: Reef in Kāne‘ohe Bay with multiple Montipora capitata colonies 
affected by acute tissue loss (aMWS). Coral colonies with aMWS appear bright 
white due to the exposed calcium carbonate skeleton. Orange/brown colonies 














































Diseased M. capitata colony
HD DD
✂ ✂
Fig. 3: Three different health states of M. capitata were sampled for this study. 
Healthy fragments of apparently healthy (= no visible tissue loss on entire colony) 
M. capitata colonies (n = 8), designated HH; healthy fragments of aMWS-afflicted 
M. capitata colonies (= no tissue loss on collected fragments; n = 8), designated 
HD; and fragments with acute tissue loss from aMWS-afflicted M. capitata 
colonies (= collected fragments display a section of an aMWS disease front; n = 





















































Fig. 4: Relative diversity within bacterial phyla associated with HH, HD, and DD 
M. capitata colonies from an outbreak and non-outbreak period. The 18 phyla 
shown were those representing greater than 0.04 % of at least one sample. The 
remaining phyla are collectively represented by the "Other Phyla" category. The size of 
each color block (assigned to phyla in the legend on the right) represents the number of 






























































Fig. 5: Relative diversity within bacterial orders within the phylum 
Proteobacteria associated with HH, HD, and DD M. capitata colonies from an 
outbreak and non-outbreak period. The 23 orders shown were those 
representing greater than 0.03 % of at least one sample. The remaining orders 
within the Proteobacteria are collectively represented by the "Other Proteobacteria" 
category, and the orders that were from other phyla are represented within the 
"Non-Proteobacteria" cateogry. The size of each color block (assigned to orders in 
the legend on the right) represents the number of sequences detected in the order 



















HH_outbreak 30738 1622 12000 963 2.21 0.74 
HD_outbreak 33440 1610 12000 949 2.22 0.75 
DD_outbreak 31436 1622 12000 948 2.31 0.78 
HH_non-outbreak 16133 922 12000 799 2.50 0.86 
HD_non-outbreak 12323 795 12000 786 2.59 0.89 










Fig. 6: Non-metric multidimensional scaling (NMDS) plot of samples, based on the 
majorization algorithm (Borg and Groenen, 1997). The lowest stress value was 0.09 
with an R2 value of 0.99, which reflects the high quality of the ordination. (A) Bacterial 
communities of HH, HD, and DD samples during the outbreak of aMWS in 2012. (B) 
Bacterial communities of HH, HD, and DD samples during the non-outbreak period in 
2016. 
 












































 Pig-Bac2 Prevotella cluster II clone P80 [AB237867]
 Pig-Bac2 Prevotella cluster II clone P97 [AB237871]
  Pig-Bac1 Prevotella cluster I clone P7 [AB237866]
Pig-Bac1 Prevotella cluster I clone :-2 [AB237906]
Pig-Bac1 Prevotella cluster I clone P9 [AB237870]
 Pig-Bac1 Prevotella cluster I clone :-8 [AB237902]
O78 119 | outbreak:HH-HD-DD  
O78 1635 | outbreak:HH-HD,non-outbreak:HD
 OTU 149 | outbreak:HD-DD, non-outbreak:HH-HD-DD 
 OTU 957 | outbreak:HH-HD-DD
   OTU 1182 | non-outbreak:HH-DD
 OTU 127 | outbreak:HH-HD-DD, non-outbreak:DD 
OTU 27 | outbreak:HH-HD-DD            
OTU 2028 | outbreak:HH-HD-DD
 &oZ-Bac2 %aFteroLGeVcluster clone &18 [AB237847]
 &oZ-Bac2 %aFteroLGeVcluster clone :-27 [AB237908]
 &oZ-Bac2 %aFteroLGeV cluster clone &2 [AB237849] 
&oZ-Bac1 %aFteroLGeV cluster clone &80 [AB237858]  
 &oZ-Bac1 %aFteroLGeV cluster clone :-1 [AB237898]
&oZ-Bac1 %aFteroLGeV cluster clone :2- [AB237886]
&oZ-Bac1 %aFteroLGeV cluster clone &1 [AB237855]
 +uPan-Bac1 %aFteroLGeV IraJLlLV cluster clone + [AB237839]
 +uPan-Bac1 %aFteroLGeV IraJLlLV cluster clone +8 [AB237840]    
 +uPan-Bac1 %aFteroLGeV IraJLlLV cluster clone +1 [AB237838]
 +uPan-Bac1 %aFteroLGeV IraJLlLV cluster clone +2 [AB237843]
 +uPan-Bac1 %aFteroLGeV IraJLlLV cluster clone +10 [AB237841] 
 +uPan-Bac1 %aFteroLGeVIraJLlLVcluster clone +1 [AB237842] 
+uPan-Bac1 %aFteroLGeVIraJLlLVcluster clone +  [AB237844]  
 )le[LEaFterlLtoralLV strain IFO 15988 [$B0780]
9 6
100
100  &oZ-Bac2 %aFteroLGeV cluster clone :2- [AB237896]
8 5  Pig-Bac2 Prevotella cluster II clone :- [AB237859]
100   Pig-Bac2 Prevotella cluster II clone  :-29 [AB237887]
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Fig. 7: Neighbor-joining phylogenetic tree derived from human-, pig-, and cow-
specific Bacteroides-Prevotella 16S rRNA gene sequences (Okabe and Shimazu, 
2007). Bacterial markers were aligned with representative sequences from OTUs of 
the order Bacteroidales from the sequencing data. Flexibacter litoralis strain IFO 
15988 was chosen as the outgroup. The scale bar represents five nucleotide 
substitutions per 100 nucleotides. Bootstrap values >50% (500 replicates) are 































Fig. 8: Kaplan–Meier survival curve of healthy M. capitata fragments exposed to 
OCN300 (fecal coliform candidate), OCN008 (positive control; known pathogen of 
M. capitata), and OCN004 (negative control; normal microbiota of M. capitata), at 
25˚C. The solid black line with open black squares represents fragments exposed to 
OCN008 (n = 8); the dashed black line with open black circles represents fragments 
exposed to OCN004 (n = 8); and the solid brown line with open brown triangles 
represents fragments exposed to OCN300 (n = 8). The concentration of bacteria was 108 









































Fig. 9: Montipora capitata colony displaying acute Montipora white syndrome 






Fig. 10: Map of Kāne‘ohe Bay, O‘ahu, with the location of Moku o Lo‘e island 
(red box), enlarged as insert. The location of the sampling site (around Moku o 
Lo‘e island) is denoted by a red asterisk. The location of the five stream gauges are 









Primer name Primer sequence (5’ → 3’) Source/citation 
27F AGAGTTTGATCMTGGCTCAG Suzuki et al., 1995 
1492R ACCTTGTTACGACTT Suzuki et al., 1995 
8F AGAGTTTGATCCTGGCTCAG Aebischer et al., 2006 
1513R GGTTACCTTTGTTACGACTT Aebischer et al., 2006 
Barcode name Forward Barcode (5’ → 3’) Reverse Barcode (5’ → 3’) Source/citation 
1 GCGCTCTGTGTGCAGC CGCAGCAGACACTGTA Guidelines for Using PacBio® 
Barcodes for SMRT® Sequencing 
6/16/14 
2 TCATGAGTCGACACTA CGCTACACTATCTGTA 
3 TATCTATCGTATACGC GTCTCGAGCTCTACGA 
4 ATCACACTGCATCTGA ATCGAGTGCGCAGCTC 
5 ACGTACGCTCGTCATA CACATAGCGACATCGC 
6 TGTGAGTCAGTACGCG TATGCGCTGACTCTCG 
7 AGAGACACGATACTCA TACGTGCTCATCGTGA 
8 CTGCTAGAGTCTACAG GATCATGATCTCAGTC 
9 AGCACTCGCGTCAGTG AGCAGTATCATGTCGT 
10 TCATGCACGTCTCGCT CACATCTGTGCTGTAT 
11 AGAGCATCTCTGTACT GAGAGATATCGACTGT 
12 CGCATCGACTACGCTA CGTCATGTGATCGAGC 
13 CGTAGCGTGCTATCAC GTCGCACGTGTACGAC 
14 ATGCTGATGACTGCGA CACTCTAGATATGAGT 
15 TGCGTGAGCTGTACAT AGCGCGACAGATCAGT 
16 CGATCATCTATAGACA GTAGTCAGAGCTAGTG 
17 CGACGTATCTGACAGT GCTAGTACATGACAGC 
18 CACGTCACTAGAGCGA AGTGCGTGTATGTATA 
19 TGTCGCAGCTACTAGT GAGACGCGTCGTCACA 
20 CATACGCTGTGTAGCA AGTGCATGCTCACGTC 
21 AGTCGCATGACTGTGT AGCTACACGTATCGAG 
22 CAGTACTGCACGATCG ACAGCTGTCTAGACAC 
23 GTGCTGAGCATCAGAC TGCGTACGCATGCATC 



































outbreak	period.	Analysis of similarity (ANOSIM) of variance beta	diversity	measures	indicate	if	there	is	a	statistically	significant	difference	between	bacterial	communities.		  958 OTU SILVA classification Average abundance Accumulated Contribution (%) Average dissimilarity (%) R-value P-value HD_outbreak HD_non-outbreak 
1 Escherichia-Shigella 3088 867 20.54 
63.89 0.06 0.145 2 Escherichia-Shigella 1112 339 27.69 
16 Shimia 839 322 32.47 
3 Nautella 601 256 35.66 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HH_non-outbreak HD_non-outbreak 
894 Escherichia-Shigella 606 0 14.71 
35.78 0.11 0.074 109 Oligosphaeria 257 3 20.88 1 Escherichia-Shigella 987 867 23.79 
2 Escherichia-Shigella 447 339 26.41 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HH_outbreak HD_non-outbreak 
1 Escherichia-Shigella 3088 867 21.88 
62.44 -0.01 0.478 2 Escherichia-Shigella 1129 339 29.67 16 Shimia 920 322 35.56 
4 Sphingomonas 610 225 39.35 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HD_non-outbreak DD_non-outbreak 
1 Escherichia-Shigella 867 158 9.36 
82.43 0.99 <0.001 16 Shimia 322 59 12.84 2 Escherichia-Shigella 339 98 16.02 
3 Nautella 256 41 18.86 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value DD_outbreak HD_non-outbreak 
1 Escherichia-Shigella 2599 867 16.17 
64.23 0.13 0.038 9 Escherichia-Shigella 891 2 24.46 2 Escherichia-Shigella 983 339 30.47 
16 Shimia 762 322 34.58 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HD_outbreak HH_non-outbreak 
1 Escherichia-Shigella 3088 987 17.58 
64.64 0.08 0.074 2 Escherichia-Shigella 1112 447 23.15 894 Escherichia-Shigella 0 606 28.22 
16 Shimia 839 326 32.52 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HH_outbreak HD_outbreak 
56 Alteromonas 36 272 5.25 
19.34 0.01 0.349 135 Escherichia-Shigella 9 146 8.30 16 Shimia 920 839 10.11 
8479 Escherichia-Shigella 3 49 11.13 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HD_outbreak DD_non-outbreak 
1 Escherichia-Shigella 3088 158 19.70 
92.05 0.99 <0.001 2 Escherichia-Shigella 1112 98 26.52 16 Shimia 839 59 31.76 
3 Nautella 601 41 35.53 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HD_outbreak DD_outbreak 
9 Escherichia-Shigella 3 891 13.64 
27.52 0.03 0.221 1 Escherichia-Shigella 3088 2599 21.16 2 Escherichia-Shigella 1112 983 23.14 
135 Escherichia-Shigella 146 31 24.90 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HH_outbreak HH_non-outbreak 
1 Escherichia-Shigella 3088 987 18.90 
62.40 0.14 0.038 2 Escherichia-Shigella 1129 447 25.03 894 Escherichia-Shigella 0 606 30.48 
16 Shimia 920 326 35.83 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HH_non-outbreak DD_non-outbreak 
1 Escherichia-Shigella 987 158 9.37 
82.36 0.86 <0.001 894 Escherichia-Shigella 606 0 16.22 2 Escherichia-Shigella 447 98 20.16 
16 Shimia 326 59 23.18 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value DD_outbreak HH_non-outbreak 
1 Escherichia-Shigella 2599 987 13.72 
64.44 0.05 0.167 9 Escherichia-Shigella 891 3 21.27 894 Escherichia-Shigella 0 606 26.43 
2 Escherichia-Shigella 983 447 30.99 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HH_outbreak DD_non-outbreak 
1 Escherichia-Shigella 3088 158 20.80 
90.94 0.99 0.001 2 Escherichia-Shigella 1129 98 28.12 16 Shimia 920 59 34.24 
3 Nautella 622 41 38.36 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value HH_outbreak DD_outbreak 
9 Escherichia-Shigella 14 891 14.16 
26.94 0.10 0.092 1 Escherichia-Shigella 3088 2599 22.06 16 Shimia 920 762 24.61 
2 Escherichia-Shigella 1129 983 26.97 
OTU SILVA classification Average abundance Accumulated Contribution (%) 
Average 
dissimilarity (%) R-value P-value DD_outbreak DD_non-outbreak 
1 Escherichia-Shigella 2599 158 17.27 
88.84 0.75 0.003 2 Escherichia-Shigella 983 98 23.53 9 Escherichia-Shigella 891 84 29.24 













count.seqs(name=all-ROI.trim.names, group=all-ROI.groups, processors=4) 
 
align.seqs(fasta=all-ROI.trim.unique.fasta, flip=t, reference=silva.nr_v123.align, processors=4) 
 
summary.seqs(fasta=all-ROI.trim.unique.align, count=all-ROI.trim.count_table, processors=4) 
 
screen.seqs(fasta=all-ROI.trim.unique.align, count=all-ROI.trim.count_table, summary=all-
ROI.trim.unique.summary, start=1046, end=43116, processors=4) 
 















reference=silva.nr_v123.align, taxonomy=silva.nr_v123.tax, cutoff=60, processors=4) 
 
dist.seqs(fasta=all-ROI.trim.unique.good.filter.unique.precluster.pick.fasta, processors=4, 



















































































































































































































































































































Fig. 15: Distribution of culturable bacteria identified from healthy M. capitata 
and aMWS-afflicted M. capitata. (A) Genera in high abundance in healthy mucus 
were Alteromonas (32 %) and Streptomyces (28 %); (B) while the genera Vibrio (65 






Fig. 16: OCN003 infection of Montipora capitata. (A) M. capitata before inoculation. 
(B) M. capitata 21 days post-inoculation with OCN003 displaying acute tissue loss 
(white dashed line). The white scale bar represents one cm. (C) Kaplan–Meier survival 
curve of M. capitata fragments exposed to OCN003 or the control bacterium, OCN004, 
at 25˚C. The solid line with open black squares represents fragments exposed to 
OCN003 (n = 24); the dotted line with open circles represents fragments exposed to 





Fig. 17: OCN003 infection of Montipora capitata fragments with a cMWS 
lesion. (A) M. capitata with cMWS lesion (white dashed line) before inoculation. 
(B) M. capitata three days after inoculation with OCN003, showing progressing 
necrotic tissue (aMWS; white dashed line). (C) M. capitata five days after 
inoculation with OCN003, displaying a complete loss of healthy tissue due to 
aMWS. The black scale bar represents one cm. (D) Kaplan–Meier survival curve of 
cMWS-afflicted M. capitata fragments exposed to OCN003 or the control 
bacterium, OCN004, at 25 ˚C. The solid line with open black squares represents 
fragments exposed to OCN003 (n = 16); the dotted line with open circles represents 





Fig. 19: Inoculation of Montipora capitata fragments exhibiting cMWS lesions 
with the control bacterium, OCN004. (A) M. capitata with cMWS lesions before 
inoculation (white line). (B) M. capitata 28 days after inoculation with OCN004, 
showing persistent cMWS lesion (white line). The black scale bar represents 1 cm.  
Fig. 18: OCN003 infection of cMWS-afflicted M. capitata. (A) M. capitata with 
cMWS lesion (white dashed line) before inoculation. M. capitata fragment two days 
(B), three days (C), four days (D), five days (E), and six days (F) post-inoculation with 
OCN003 displaying progressing acute tissue loss lesion (white arrows). The black 










Fig. 20: Biofilm assay of OCN003. Biofilm formation of OCN003 (dark grey), 
OCN003 ΔfliF::bla mutant (grey), and the complemented ΔfliF::bla mutant (white). 
The bar graph shows the average absorbance for each strain with error bars representing 
the standard error of the mean (SEM). The assay was performed at 24 h, 48 h, 72 h, and 






Fig. 21: Electron micrographs of contrasted preparations of OCN003 and mutants. 
(A) shows the wildtype, (B) the ΔfliF::bla mutant, and (C) the complemented ΔfliF::bla 
mutant, all exhibiting the presence of a polar flagellum (arrow). Cells used for analysis 
were deposited on Formvar-coated copper grids and contrasted with 1% uranyl acetate 
for viewing on a Hitachi HT7700 TEM at 100 kV. Images were captured with an AMT 
XR-41B 2k x 2k CCD camera. Scale bar represents one µm. 
Fig. 22: Motility assay of OCN003 and mutants. Semi-solid (0.15% agar) assay 
confirming motility of wild type OCN003 cells (A), the lack of motility of the 
OCN003 ΔfliF::bla mutant cells (B), and the restored motility of the complemented 






Fig. 23: Kaplan–Meier survival curve of cMWS-afflicted M. capitata fragments 
exposed to OCN003, OCN003 ΔfliF::bla, the complemented ΔfliF::bla mutant, 
or the control bacterium, OCN004, at 25˚C. The solid line with open black squares 
represents fragments exposed to OCN003 (n = 8); the solid grey line with open grey 
circles represents fragments exposed to the complemented ΔfliF::bla mutant (n = 8); 
the dotted line with open black circles represents fragments exposed to OCN004 (n = 
8); the solid grey line with closed grey triangles represents fragments exposed to 






Fig. 24: Neighbor-joining dendrogram showing the estimated phylogenetic 
relationships between the Pseudoalteromonas piratica strains OCN003, OCN050, 
OCN051, OCN052, and related Pseudoalteromonas spp. based upon a modified 
multi-locus sequence analysis. Analysis was based upon the sequences of the 
housekeeping genes recA, gapA, and ftsZ. Alteromonas macleodii ATCC 27126 was 
chosen as the outgroup. The scale bar represents five nucleotide substitutions per 100 






Fig. 25: Kaplan–Meier survival curve of healthy Montipora capitata fragments 
exposed to OCN003, OCN050 or the control bacterium, OCN004, at 25 ˚C. The 
solid line with open black squares represents fragments exposed to OCN003 (n = 12); 
the solid line with open black nablas represents fragments exposed to OCN050 (n = 12); 
the dotted line with open circles represents fragments exposed to OCN004 (n = 12). The 





Fig. 26: Kaplan–Meier survival curve of cMWS-afflicted M. capitata fragments 
exposed to OCN003 (originally isolated from diseased M. capitata), OCN050 (re-
isolated in diseased M. capitata fragment from outbreak) or the control bacterium, 
OCN004, at 25˚C. The solid line with open black squares represents fragments exposed 
to OCN003 (n = 16); the solid line with open black nablas represents fragments exposed 
to OCN050 (n = 16); the dotted line with open circles represents fragments exposed to 











Fig. 27: Kaplan–Meier survival curve of M. capitata fragments exposed to OCN008 
or the control bacterium, OCN004, at 25˚C. The solid line with open black rhombi 
represents healthy coral fragments exposed to OCN008 (n = 22); the dashed line with 
closed black rhombi represents cMWS-afflicted coral fragments exposed to OCN008 (n 
= 13); the dotted line with open circles represents healthy or cMWS-afflicted coral 
fragments exposed to OCN004 (n = 22 or n = 13, respectively). The concentration of 



































Strain or plasmid Relevant characteristic(s) Source or citation 
Pseudoalteromonas piratica strains 
OCN003 Wild type; isolated from the mucus of diseased M.capitata; Kmr Beurmann et al., 2015 
OCN050 Wild type; isolated from diseased M.capitata during aMWS outbreak; Kmr This study 
OCN051 Wild type; isolated from diseased M.capitata during aMWS outbreak; Kmr This study 
OCN052 Wild type; isolated from diseased M.capitata during aMWS outbreak; Kmr This study 
OCN003 ΔfliF::bla OCN003 ΔfliF::bla mutant; Apr, Kmr This study 
Marine bacterial strains 
OCN004 Non-pathogenic Alteromonas sp; negative-control bacterium  Ushijima et al., 2012 
OCN008 Pathogenic Vibrio coralliilyticus strain; Apr Ushijima et al., 2014 
Escherichia coli strains 
β3914 ΔdapA::(erm-pir); Kmr, Emr, Tcr Le Roux et al., 2007 
π3813 ΔthyA::(erm-pir); Emr Le Roux et al., 2007 
DH5α F- supE44 ΔlacU169 (φ80lacZΔM15) ΔargF hsdR17 recA1 endA1 gyrA96 thi-1 relA1 Stratagene 
Plasmids  
pBBR1MCS-4 Source of Apr cassette; Apr Kovach et al., 1994 
pBluescript SK+ Cloning vector, Apr Stratagene 
pEVS78 Shuttle vector; Cmr Stabb and Ruby, 2002 
pRK2013 Self-transmissible vector for conjugation; Kmr Figurski and Helinski, 1979 
pRL1383a Replicative vector derived from RSF1010; Spr, Smr Wolk et al., 2007 
pRL277 Source of sacB; Spr, Smr Black et al., 1993 
pSW4426T Source of Cmr, Spr, and Smr cassettes; Cmr, Spr, Smr Le Roux et al., 2007 
pUC18-mini Tn7T-lacZ Source of Gmr cassette; Apr, Gmr Choi et al., 2005 
pBU187 Modified version of pSW4426T without ccdB or araC; Cmr, Spr, Smr This study 
pSB122 Modified version of pBluescript SK+; Apr, Cmr, Spr, Smr  This study 
pSB123 Modified version of pBluescript SK+ with sacB; Apr, Cmr, Spr, Smr This study 
pSB124 Modified version of pEVS78 with fliF-deletion construct; Cmr This study 
pSB125 Modified version of pEVS78 with fliF-deletion construct and Apr cassette; Cmr This study 
pSB126 Suicide vector used to create OCN003 ΔfliF::bla mutant; Apr, Kmr This study 
pSB127 pBluescript SK+ with fliF; Apr  This study 
pSB128 pBluescript SK+ with Gmr and fliF; Apr, Gmr This study 
pSB129 Replicative vector derived from pRL1383a; Spr, Smr, Gmr This study 
Abbreviation for antibiotic resistance cassettes: Apr, ampicillin resistance; Smr, streptomycin resistance; Spr, spectinomycin resistance; Gmr, gentamicin resistance; 










Primer name Primer sequence (5’ → 3’ orientation) Source/citation 
8F AGAGTTTGA TCCTGGCTCAG Aebischer et al., 2006 
1513R GGTTACCTTTGTTACGACTT Aebischer et al., 2006 
ftsZ-F GTDATGTCWGCDATGGGHACNGCNATGATGGG Sawabe et al., 2007 
ftsZ-R TGHTTRCGTAAAAAHGCNGGDATRTCHAARTARTC Sawabe et al., 2007 
gapA-F GTNYTNTAYGGYTTTGGTCGYATYGGYCG Sawabe et al., 2007 
gapA-R ACYTGRCAGCTRTARCCAAAYTCRTTRTCRTACCASAC Sawabe et al., 2007 
recA-F CAAATTGARCGNCARTTTGGTAAAGGYTCAATYATG Sawabe et al., 2007 
recA-R RTARCTRSACCASGCRCCNGCTTTSTCAAC Sawabe et al., 2007 
003unique-F    GCACACCTAGCTCATCTTCAAGCATACGTACTTG This study 
003unique-R  GGCCATCACCTAAGTTGTAATCCACTAAC This study 
pSW4426T-up-AraC-SacI  ATATATGAGCTCTTGGTAACGAATCAGACAATTGACGGCTTG Ushijima et al., 2016 
pSW4426T-down-ccdB TCTGGGGAATATAAGAGCTCCAGCTTTTGT Ushijima et al., 2016 
M13-F GTAAAACGACGGCCAGTG Messing, 1983  
 M13-R GGAAACAGCTATGACCATG Messing, 1983 
003-fliF-up-F ATATATACTAGTATCGAGCAAGGTTACAGCGAGTGTTGTA This study 
 003-fliF-OEX-R TTGGTTCTCTTGATCAGTCATCTTCCCCGGGGGTGTCCATTGTTGTTAA This study 
003-fliF-down-OEX-F ACAGATTTAACAACAATGGACACCCCCGGGGAAGATGACTGATCAAGAG This study 
 003-fliF-down-R ATATATACTAGTTCGCTTGAATACCGCGATCATCTACATC This study 
bla-F ATATATCCCGGGAGCTGTTTCCTGTGTGA This study 
bla-R ATATATCCCGGGAGCGCCAGCAGGAACGCGGGCGCGCA This study 
pEVS78-MCS-F GCCCACCTATCAAGGTGTACTGCCTTCCAG This study 
 pEVS78-MCS-R CAAATGTAGCACCTGAAGTCAG This study 
003-fliF-F TCTAGATAAGCGATAGTGGAGTAGGGTTGT This study 
 003-fliF-R GAGCTCGTCATCTTCGGTTAACCACGCTTTA This study 
GmR-F  CTCGAGAAGATCCCCTGATTCCCTTTGTCAA This study 
 GmR-R ATCGATTTAGGTGGCGGTACTTGGGTCGATA This study 
003-fliF-outside-F CCATTCATACTGATGACATTTTCTTAGGC This study 
 003-fliF-outside-R CATTAATACGTCTTGCTGAACTTCACG This study 
pRL1383a-MCS-F CGAAGTTATATTCGATGCGG Ushijima et al., 2012 















                               Strain  16S rRNA gene    recA      gapA       ftsZ 
Alteromonas macleodii ATCC 27126T CP003841 AFS36391 AFS37755 AFS38337 
Pseudoalteromonas arctica A 37-1-2T DQ787199 ERG11012 ERG10585 ERG09017 
Pseudoalteromonas atlantica T6cT CP000388 WP_011575995 WP_011575374 WP_011576244 
Pseudoalteromonas citrea NCIMB 1889T X82137 ERG18422 ERG18058 ERG17458 
Pseudoalteromonas flavipulchra JG1 GU325751 WP_010607203 WP_010604051 WP_010605797 
Pseudoalteromonas haloplanktis ATCC 14393T X67024 WP_016708515 WP_016707348 WP_016709471 
Pseudoalteromonas luteoviolacea ATCC 29581T X82144 CCQ09551 CCQ12266 CCQ10341 
Pseudoalteromonas marina mano4T AY563031 ERG27935 ERG27540 ERG27728 
Pseudoalteromonas phenolica KCTC 12086 AB607331 WP_058031021 WP_058029496 WP_058031515 
Pseudoalteromonas piratica OCN003T KF042038 WP_038640125 WP_038641289 WP_038639463 
Pseudoalteromonas piscicida JCM 20779T AB681918 ERG34167 ERG34147 ERG34433 
Pseudoalteromonas rubra ATCC 29570T X82147 ERG44323 ERG44376 ERG46282 
Pseudoalteromonas ruthenica S3137 AF316891 KJY97116 KJY99687 KJY98742 
Pseudoalteromonas spongiae UST010723-006T AY769918 ERG55196 ERG52548 ERG54604 


















































































 Pseudoalteromonas luteoviolacea ATCC 33492 (X82144)
 Pseudoalteromonas phenolica JCM 21460 (AB607331)
 Pseudoalteromonas flavipulchra JG1 (GU325751)
 Pseudoalteromonas piscicida JCM 20779 (AB681918)
 Pseudoalteromonas rubra ATCC 29570 (X82147)
 Pseudoalteromonas citrea NCIMB 1889 (X82137)
 Pseudoalteromonas tunicata D2 (Z25522)
 Pseudoalteromonas atlantica T6c (CP000388)







 Pseudoalteromonas arctica A 37-1-2 (DQ787199)
 Pseudoalteromonas haloplanktis ATCC 14393 (X67024)
 Pseudoalteromonas undina NCIMB 2128 (X82140)
 Pseudoalteromonas marina mano4 (AY563031)
 Pseudoalteromonas ruthenica KMM300 (AF316891)
 Pseudoalteromonas piratica OCN003T (KF042038) 
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 Pseudoalteromonas arctica A 37-1-2
 Pseudoalteromonas marina mano4
 Pseudoalteromonas undina NCIMB 2128
 Pseudoalteromonas haloplanktis ATCC 14393
 Pseudoalteromonas citrea NCIMB 1889
 Pseudoalteromonas tunicata D2
 Pseudoalteromonas piscicida JCM 20779
 Pseudoalteromonas flavipulchra JG1
 Pseudoalteromonas rubra ATCC 29570
 Pseudoalteromonas spongiae UST010723-006
 Pseudoalteromonas luteoviolacea ATCC 29581
 Pseudoalteromonas phenolica KCTC 12086
 Pseudoalteromonas ruthenica CP76
 Pseudoalteromonas atlantica T6c








































































































































































































































































































































































































































































































































D-Mannose	 +	 Glycyl-L-Glutamic	Acid	 +	D-Melibiose	 -	 L-Histidine	 -	β-Methyl-	D-Glucoside		 -	 Hydroxy-L-Proline	 +	D-Psicose	 -	 L-Leucine	 +	D-Raffinose	 -	 L-Ornithine	 -	L-Rhmanose	 -	 L-Phenylalanine	 -	D-Sorbitol	 -	 L-Proline	 +	Sucrose	 +	 L-Pyroglutamic	Acid	 -	D-Trehalose	 -	 D-Serine	 -	Turanose	 -	 L-Serine	 +	Xylitol	 -	 L-Threonine	 +	Methyl	Pyruvate	 -	 D,L-Carnitine	 -	Mono-Methyl-Succinate	 -	 γ-Amino	Butyric	Acid		 -	Acetic	Acid	 +	 Urocanic	Acid	 -	Cis-Aconitic	Acid	 -	 Inosine	 +	Citric	Acid	 -	 Uridine	 -	Formic	Acid	 -	 Thymidine	 -	D-Galactonic-Acid	Lactone	 -	 Phenyethylamine	 -	D-Galacturonic	Acid	 -	 Putrescine	 -	D-Gluconic	Acid	 -	 2-Aminoethanol	 -	D-Glucosaminic	Acid	 -	 2,3-Butanediol	 -	D-Glucuronic	Acid	 -	 Glycerol	 -	α-Hydroxy	Butyric	Acid		 -	 D,L-α-Glycerol	Phosphate		 -	β-Hydroxy	Butyric	Acid		 +	 Glucose-1-Phosphate	 -	γ-Hydroxy	Butyric	Acid		 +	 Glucose-6-Phosphate	 -	
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Organism	 G+C	content	(mol%)	 DDH	estimate	with	OCN003	(%)	
P.	piratica	OCN003	 40.0	 100.0	
P.	spongiae	UST010723-006	 40.6	 25.5	
P.	ruthenica	CP76	 47.6	 22.8	
P.	phenolica	KCTC	12086	 40.6	 25.3	
P.	luteoviolacea	B	=	ATCC	29581	 41.9	 25.0	
Table	10:	Characteristics	of	sequenced	Pseudoalteromonas	genomes.		Accession	numbers:	Pseudoalteromonas	sp.	OCN003	(CP009888,	CP009889),	P.	spongiae	UST010723-006	(AHCE02000000),	P.	ruthenica	CP76	(AOPM00000000),	P.	phenolica	KCTC	12086	(CP013187,	CP013188),	and	P.	luteoviolacea	B	=	ATCC	29581	
(CAPN00000000).	
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Aladro-Lubel,	M.A.	and	Martıńez-Murillo,	M.E.	(1999)	Epibiotic	Protozoa	(Ciliophora)	on	a	
community	of	Thalassia	testudinum	Banks	ex	König	in	a	coral	reef	in	Veracruz,	Mexico.	
Aquat.	Bot.	65:	239–254.	
Al-Footy,	K.O.,	Alarif,	W.M.,	Asiri,	F.,	Aly,	M.M.,	and	Ayyad,	S.-E.N.	(2015)	Rare	pyrane-based	
cembranoids	from	the	Red	Sea	soft	coral	Sarcophyton	trocheliophorum	as	potential	
antimicrobial–antitumor	agents.	Med.	Chem.	Res.	24:	505–512.	
Alker,	A.P.,	Kim,	K.,	Dube,	D.H.,	and	Harvell,	C.D.	(2004)	Localized	induction	of	a	generalized	
response	against	multiple	biotic	agents	in	Caribbean	sea	fans.	Coral	Reefs	23:	397–405.	
		
123	
Altizer,	S.,	Ostfeld,	R.S.,	Johnson,	P.T.J.,	Kutz,	S.,	and	Harvell,	C.D.	(2013)	Climate	Change	and	
Infectious	Diseases:	From	Evidence	to	a	Predictive	Framework.	Science	341:	514–519.	
Altschul,	S.F.,	Gish,	W.,	Miller,	W.,	Myers,	E.W.,	and	Lipman,	D.J.	(1990)	Basic	local	alignment	
search	tool.	J.	Mol.	Biol.	215:	403–410.	
Alvarez,	Austin,	Alvarez,	and	Reyes	(1998)	Vibrio	harveyi:	a	pathogen	of	penaeid	shrimps	and	
fish	in	Venezuela.	J.	Fish	Dis.	21:	313–316.	
Aly,	R.	(1996)	Microbial	Infections	of	Skin	and	Nails.	In,	Baron,S.	(ed),	Medical	Microbiology.	
University	of	Texas	Medical	Branch	at	Galveston,	Galveston	(TX).	
Anthony,	K.R.N.	(2016)	Coral	Reefs	Under	Climate	Change	and	Ocean	Acidification:	Challenges	
and	Opportunities	for	Management	and	Policy.	Annu.	Rev.	Environ.	Resour.	41:	59–81.	
Anthony,	K.R.N.,	Kline,	D.I.,	Diaz-Pulido,	G.,	Dove,	S.,	and	Hoegh-Guldberg,	O.	(2008)	Ocean	
acidification	causes	bleaching	and	productivity	loss	in	coral	reef	builders.	Proc.	Natl.	
Acad.	Sci.	105:	17442–17446.	
Antonius,	A.	(1973)	New	observations	on	coral	destruction	in	reefs.	University	of	Puerto	Rico	
(Mayaguez).	
Apprill,	A.,	Hughen,	K.,	and	Mincer,	T.	(2013)	Major	similarities	in	the	bacterial	communities	
associated	with	lesioned	and	healthy	Fungiidae	corals.	Environ.	Microbiol.	15:	2063–
2072.	
Apprill,	A.,	Weber,	L.G.,	and	Santoro,	A.E.	(2016)	Distinguishing	between	Microbial	Habitats	
Unravels	Ecological	Complexity	in	Coral	Microbiomes.	mSystems	1:	e00143-16.	
Aronson,	R.B.	and	Precht,	W.F.	(2001)	White-band	disease	and	the	changing	face	of	Caribbean	
coral	reefs.	Hydrobiologia	460:	25–38.	
		
124	
Aziz,	R.K.,	Bartels,	D.,	Best,	A.A.,	DeJongh,	M.,	Disz,	T.,	Edwards,	R.A.,	et	al.	(2008)	The	RAST	
Server:	Rapid	Annotations	using	Subsystems	Technology.	BMC	Genomics	9:	75.	
Bahr,	K.D.,	Jokiel,	P.L.,	and	Toonen,	R.J.	(2015)	The	unnatural	history	of	Kāne‘ohe	Bay:	coral	reef	
resilience	in	the	face	of	centuries	of	anthropogenic	impacts.	PeerJ	3:	e950.	
Bally,	M.	and	Garrabou,	J.	(2007)	Thermodependent	bacterial	pathogens	and	mass	mortalities	
in	temperate	benthic	communities:	a	new	case	of	emerging	disease	linked	to	climate	
change.	Glob.	Change	Biol.	13:	2078–2088.	
Banin,	E.,	Khare,	S.K.,	Naider,	F.,	and	Rosenberg,	E.	(2001)	Proline-Rich	Peptide	from	the	Coral	
Pathogen	Vibrio	shiloi	That	Inhibits	Photosynthesis	of	Zooxanthellae.	Appl.	Environ.	
Microbiol.	67:	1536–1541.	
Banin,	E.,	Vassilakos,	D.,	Orr,	E.,	Martinez,	R.J.,	and	Rosenberg,	E.	(2003)	Superoxide	Dismutase	
Is	a	Virulence	Factor	Produced	by	the	Coral	Bleaching	Pathogen	Vibrio	shiloi.	Curr.	
Microbiol.	46:	0418–0422.	
Barneah,	O.,	Ben-Dov,	E.,	Kramarsky-Winter,	E.,	and	Kushmaro,	A.	(2007)	Characterization	of	
black	band	disease	in	Red	Sea	stony	corals.	Environ.	Microbiol.	9:	1995–2006.	
Beadling,	C.	and	Slifka,	M.K.	(2004)	How	do	viral	infections	predispose	patients	to	bacterial	
infections?	Curr.	Opin.	Infect.	Dis.	17:	185–191.	
Belarbi,	E.	(2003)	Producing	drugs	from	marine	sponges.	Biotechnol.	Adv.	21:	585–598.	
Bellwood,	D.R.,	Hughes,	T.P.,	Folke,	C.,	and	Nyström,	M.	(2004)	Confronting	the	coral	reef	crisis.	
Nature	429:	827–833.	
		
125	
Ben-Haim,	Y.,	Banim,	E.,	Kushmaro,	A.,	Loya,	Y.,	and	Rosenberg,	E.	(1999)	Inhibition	of	
photosynthesis	and	bleaching	of	zooxanthellae	by	the	coral	pathogen	Vibrio	shiloi.	
Environ.	Microbiol.	1:	223–229.	
Ben-Haim,	Y.	and	Rosenberg,	E.	(2002)	A	novel	Vibrio	sp.	pathogen	of	the	coral	Pocillopora	
damicornis.	Mar.	Biol.	141:	47–55.	
Ben-Haim,	Y.,	Thompson,	F.L.,	Thompson,	C.C.,	Cnockaert,	M.C.,	Hoste,	B.,	Swings,	J.,	and	
Rosenberg,	E.	(2003)	Vibrio	coralliilyticus	sp.	nov.,	a	temperature-dependent	pathogen	
of	the	coral	Pocillopora	damicornis.	Int.	J.	Syst.	Evol.	Microbiol.	53:	309–315.	
Ben-Haim,	Y.,	Zicherman-Keren,	M.,	and	Rosenberg,	E.	(2003)	Temperature-Regulated	
Bleaching	and	Lysis	of	the	Coral	Pocillopora	damicornis	by	the	Novel	Pathogen	Vibrio	
coralliilyticus.	Appl.	Environ.	Microbiol.	69:	4236–4242.	
Beurmann,	S.,	Runyon,	C.,	Videau,	P.,	Callahan,	S.,	and	Aeby,	G.	(2016)	Assessment	of	disease	
lesion	removal	as	a	method	to	control	chronic	Montipora	white	syndrome.	Dis.	Aquat.	
Organ.	
Beurmann,	S.,	Videau,	P.,	Ushijima,	B.,	Smith,	A.M.,	Aeby,	G.S.,	Callahan,	S.M.,	and	Belcaid,	M.	
(2015)	Complete	Genome	Sequence	of	Pseudoalteromonas	sp.	Strain	OCN003,	Isolated	
from	Kāne’ohe	Bay,	O’ahu,	Hawaii.	Genome	Announc.	3:	e01396-14.	
Bigot,	A.,	Pagniez,	H.,	Botton,	E.,	Fréhel,	C.,	Dubail,	I.,	Jacquet,	C.,	et	al.	(2005)	Role	of	FliF	and	
FliI	of	Listeria	monocytogenes	in	Flagellar	Assembly	and	Pathogenicity.	Infect.	Immun.	
73:	5530–5539.	
Bourne,	D.,	Iida,	Y.,	Uthicke,	S.,	and	Smith-Keune,	C.	(2007)	Changes	in	coral-associated	
microbial	communities	during	a	bleaching	event.	ISME	J.	2:	350–363.	
		
126	
Bourne,	D.G.	(2005)	Microbiological	assessment	of	a	disease	outbreak	on	corals	from	Magnetic	
Island	(Great	Barrier	Reef,	Australia).	Coral	Reefs	24:	304–312.	
Bourne,	D.G.	and	Munn,	C.B.	(2005)	Diversity	of	bacteria	associated	with	the	coral	Pocillopora	
damicornis	from	the	Great	Barrier	Reef.	Environ.	Microbiol.	7:	1162–1174.	
Bourne,	D.G.	and	Webster,	N.S.	(2013)	Coral	Reef	Bacterial	Communities.	In,	Rosenberg,E.,	
DeLong,E.F.,	Lory,S.,	Stackebrandt,E.,	and	Thompson,F.	(eds),	The	Prokaryotes.	Springer	
Berlin	Heidelberg,	pp.	163–187.	
Brandt,	M.E.,	Ruttenberg,	B.I.,	Waara,	R.,	Miller,	J.,	Witcher,	B.,	Estep,	A.J.,	and	Patterson,	M.	
(2012)	Dynamics	of	an	Acute	Coral	Disease	Outbreak	Associated	with	the	Macroalgae	
Dictyota	spp.	in	Dry	Tortugas	National	Park,	Florida,	USA.	Bull.	Mar.	Sci.	88:	1035–1050.	
Bray,	R.A.	and	Cribb,	T.H.	(1989)	Digeneans	of	the	family	Opecoelidae	Ozaki,	1925	from	the	
southern	Great	Barrier	Reef,	including	a	new	genus	and	three	new	species.	J.	Nat.	Hist.	
23:	429–473.	
Brook,	I.	(2002)	Secondary	bacterial	infections	complicating	skin	lesions.	J.	Med.	Microbiol.	51:	
808–812.	
Brown,	T.,	Bourne,	D.,	and	Rodriguez-Lanetty,	M.	(2013)	Transcriptional	Activation	of	c3	and	
hsp70	as	Part	of	the	Immune	Response	of	Acropora	millepora	to	Bacterial	Challenges.	
PLOS	ONE	8:	e67246.	
Bruckner,	A.W.	(2002)	Priorities	for	effective	management	of	coral	diseases	US	Department	of	
Commerce,	National	Oceanic	and	Atmospheric	Administration,	National	Marine	
Fisheries	Service.	
		
127	
Bruckner,	A.W.	and	Bruckner,	R.J.	(1997)	Outbreak	of	coral	disease	in	Puerto	Rico.	Coral	Reefs	
16:	260–260.	
Bruckner,	A.W.,	Bruckner,	R.J.,	and	Williams,	J.,	Ernest	H.	(1997)	Spread	of	a	Black-Band	Disease	
Epizootic	Through	the	Coral	Reef	System	in	St.	Ann’s	Bay,	Jamaica.	Bull.	Mar.	Sci.	61:	
919–928.	
Brundage,	J.F.	and	Shanks,	G.D.	(2007)	What	Really	Happened	during	the	1918	Influenza	
Pandemic?	The	Importance	of	Bacterial	Secondary	Infections.	J.	Infect.	Dis.	196:	1717–
1718.	
Caldwell,	J.M.,	Heron,	S.F.,	Eakin,	C.M.,	and	Donahue,	M.J.	(2016)	Satellite	SST-Based	Coral	
Disease	Outbreak	Predictions	for	the	Hawaiian	Archipelago.	Remote	Sens.	8:	93.	
Campodónico,	V.L.,	Llosa,	N.J.,	Grout,	M.,	Döring,	G.,	Maira-Litrán,	T.,	and	Pier,	G.B.	(2010)	
Evaluation	of	Flagella	and	Flagellin	of	Pseudomonas	aeruginosa	as	Vaccines.	Infect.	
Immun.	78:	746–755.	
Cárdenas,	A.,	Rodriguez-R,	L.M.,	Pizarro,	V.,	Cadavid,	L.F.,	and	Arévalo-Ferro,	C.	(2012)	Shifts	in	
bacterial	communities	of	two	caribbean	reef-building	coral	species	affected	by	white	
plague	disease.	ISME	J.	6:	502–512.	
Cervino,	J.,	Goreau,	T.J.,	Nagelkerken,	I.,	Smith,	G.W.,	and	Hayes,	R.	(2001)	Yellow	band	and	
dark	spot	syndromes	in	Caribbean	corals:	distribution,	rate	of	spread,	cytology,	and	
effects	on	abundance	and	division	rate	of	zooxanthellae.	In,	Porter,J.W.	(ed),	The	
Ecology	and	Etiology	of	Newly	Emerging	Marine	Diseases,	Developments	in	
Hydrobiology.	Springer	Netherlands,	pp.	53–63.	
		
128	
Cervino,	J.M.,	Hayes,	R.L.,	Polson,	S.W.,	Polson,	S.C.,	Goreau,	T.J.,	Martinez,	R.J.,	and	Smith,	
G.W.	(2004)	Relationship	of	Vibrio	Species	Infection	and	Elevated	Temperatures	to	
Yellow	Blotch/Band	Disease	in	Caribbean	Corals.	Appl.	Environ.	Microbiol.	70:	6855–
6864.	
Chen,	W.,	Zhang,	C.K.,	Cheng,	Y.,	Zhang,	S.,	and	Zhao,	H.	(2013)	A	Comparison	of	Methods	for	
Clustering	16S	rRNA	Sequences	into	OTUs.	PLOS	ONE	8:	e70837.	
Cheng,	T.C.	and	Wong,	A.K.L.	(1974)	Chemical,	histochemical,	and	histopathological	studies	on	
corals,	Porites	spp.,	parasitized	by	tremato	de	metacercariae.	J.	Invertebr.	Pathol.	23:	
303–317.	
Choudhury,	J.D.,	Pramanik,	A.,	Webster,	N.S.,	Llewellyn,	L.E.,	Gachhui,	R.,	and	Mukherjee,	J.	
(2014)	Draft	Genome	Sequence	of	Pseudoalteromonas	sp.	Strain	NW	4327	(MTCC	
11073,	DSM	25418),	a	Pathogen	of	the	Great	Barrier	Reef	Sponge	Rhopaloeides	
odorabile.	Genome	Announc.	2:.	
Choudhury,	J.D.,	Pramanik,	A.,	Webster,	N.S.,	Llewellyn,	L.E.,	Gachhui,	R.,	and	Mukherjee,	J.	
(2015)	The	Pathogen	of	the	Great	Barrier	Reef	Sponge	Rhopaloeides	odorabile	Is	a	New	
Strain	of	Pseudoalteromonas	agarivorans	Containing	Abundant	and	Diverse	Virulence-
Related	Genes.	Mar.	Biotechnol.	17:	463–478.	
Chow,	J.,	Tang,	H.,	and	Mazmanian,	S.K.	(2011)	Pathobionts	of	the	gastrointestinal	microbiota	
and	inflammatory	disease.	Curr.	Opin.	Immunol.	23:	473–480.	
Cooney,	R.P.,	Pantos,	O.,	Le	Tissier,	M.D.A.,	Barer,	M.R.,	O’Donnell,	A.G.,	and	Bythell,	J.C.	(2002)	
Characterization	of	the	bacterial	consortium	associated	with	black	band	disease	in	coral	
using	molecular	microbiological	techniques.	Environ.	Microbiol.	4:	401–413.	
		
129	
Cottingham,	K.L.,	Chiavelli,	D.A.,	and	Taylor,	R.K.	(2003)	Environmental	microbe	and	human	
pathogen:	the	ecology	and	microbiology	of	Vibrio	cholerae.	Front.	Ecol.	Environ.	1:	80–
86.	
Dahms,	H.-U.,	Dobretsov,	S.,	and	Qian,	P.-Y.	(2004)	The	effect	of	bacterial	and	diatom	biofilms	
on	the	settlement	of	the	bryozoan	Bugula	neritina.	J.	Exp.	Mar.	Biol.	Ecol.	313:	191–209.	
Dalton,	S.	(2010)	Stressors	of	eastern	Australian	subtropical	corals:	Australian	subtropical	white	
syndrome	and	coral	bleaching.	
Dalton,	S.J.,	Godwin,	S.,	Smith,	S.D.A.,	and	Pereg,	L.	(2010)	Australian	subtropical	white	
syndrome:	a	transmissible,	temperature-dependent	coral	disease.	Mar.	Freshw.	Res.	61:	
342.	
Davies,	C.M.,	Long,	J.A.,	Donald,	M.,	and	Ashbolt,	N.J.	(1995)	Survival	of	fecal	microorganisms	in	
marine	and	freshwater	sediments.	Appl.	Environ.	Microbiol.	61:	1888–1896.	
De’ath,	G.,	Fabricius,	K.E.,	Sweatman,	H.,	and	Puotinen,	M.	(2012)	The	27–year	decline	of	coral	
cover	on	the	Great	Barrier	Reef	and	its	causes.	Proc.	Natl.	Acad.	Sci.	109:	17995–17999.	
Denner,	E.B.M.,	Smith,	G.W.,	Busse,	H.-J.,	Schumann,	P.,	Narzt,	T.,	Polson,	S.W.,	et	al.	(2003)	
Aurantimonas	coralicida	gen.	nov.,	sp.	nov.,	the	causative	agent	of	white	plague	type	II	
on	Caribbean	scleractinian	corals.	Int.	J.	Syst.	Evol.	Microbiol.	53:	1115–1122.	
Dollar,	S.J.	and	Grigg,	R.W.	(2004)	Anthropogenic	and	Natural	Stresses	on	Selected	Coral	Reefs	
in	Hawai’i:	A	Multidecade	Synthesis	of	Impact	and	Recovery.	Pac.	Sci.	58:	281–304.	
Ducklow,	H.W.	and	Mitchell,	R.	(1979)	Bacterial	populations	and	adaptations	in	the	mucus	
layers	on	living	corals.	Limnol.	Oceanogr.	24:	715–725.	
Dufour,	A.P.	(1977)	Escherichia	coli:	The	Fecal	Coliform.	
		
130	
Dustan,	P.	(1977)	Vitality	of	reef	coral	populations	off	Key	Largo,	Florida:	Recruitment	and	
mortality.	Environ.	Geol.	2:	51–58.	
Edgar,	R.C.,	Haas,	B.J.,	Clemente,	J.C.,	Quince,	C.,	and	Knight,	R.	(2011)	UCHIME	improves	
sensitivity	and	speed	of	chimera	detection.	Bioinformatics	27:	2194–2200.	
Edwards,	D.D.,	McFeters,	G.A.,	and	Venkatesan,	M.I.	(1998)	Distribution	of	Clostridium	
perfringens	and	Fecal	Sterols	in	a	Benthic	Coastal	Marine	Environment	Influenced	by	the	
Sewage	Outfall	from	McMurdo	Station,	Antarctica.	Appl.	Environ.	Microbiol.	64:	2596–
2600.	
Egidius,	E.,	Wiik,	R.,	Andersen,	K.,	Hoff,	K.A.,	and	Hjeltnes,	B.	(1986)	Vibrio	salmonicida	sp.	nov.,	
a	new	fish	pathogen.	Int.	J.	Syst.	Evol.	Microbiol.	36:	518–520.	
Elnaggar,	M.S.,	Ebada,	S.S.,	Ashour,	M.L.,	Ebrahim,	W.,	Singab,	A.,	Lin,	W.,	et	al.	(2017)	Two	new	
triterpenoids	and	a	new	naphthoquinone	derivative	isolated	from	a	hard	coral-derived	
fungus	Scopulariopsis	sp.	Fitoterapia	116:	126–130.	
Falkow,	S.	(1988)	Molecular	Koch’s	Postulates	Applied	to	Microbial	Pathogenicity.	Rev.	Infect.	
Dis.	10:	S274–S276.	
Figurski,	D.H.	and	Helinski,	D.R.	(1979)	Replication	of	an	origin-containing	derivative	of	plasmid	
RK2	dependent	on	a	plasmid	function	provided	in	trans.	Proc.	Natl.	Acad.	Sci.	U.	S.	A.	76:	
1648–1652.	
Frias-Lopez,	J.,	Bonheyo,	G.T.,	Jin,	Q.,	and	Fouke,	B.W.	(2003)	Cyanobacteria	Associated	with	
Coral	Black	Band	Disease	in	Caribbean	and	Indo-Pacific	Reefs.	Appl.	Environ.	Microbiol.	
69:	2409–2413.	
		
131	
Frias-Lopez,	J.,	Zerkle,	A.L.,	Bonheyo,	G.T.,	and	Fouke,	B.W.	(2002)	Partitioning	of	Bacterial	
Communities	between	Seawater	and	Healthy,	Black	Band	Diseased,	and	Dead	Coral	
Surfaces.	Appl.	Environ.	Microbiol.	68:	2214–2228.	
Friedlander,	A.M.,	Brown,	E.K.,	Jokiel,	P.L.,	Smith,	W.R.,	and	Rodgers,	K.S.	(2003)	Effects	of	
habitat,	wave	exposure,	and	marine	protected	area	status	on	coral	reef	fish	
assemblages	in	the	Hawaiian	archipelago.	Coral	Reefs	22:	291–305.	
Garren,	M.	and	Azam,	F.	(2012)	Corals	shed	bacteria	as	a	potential	mechanism	of	resilience	to	
organic	matter	enrichment.	ISME	J.	6:	1159–1165.	
Garren,	M.,	Son,	K.,	Raina,	J.-B.,	Rusconi,	R.,	Menolascina,	F.,	Shapiro,	O.H.,	et	al.	(2014)	A	
bacterial	pathogen	uses	dimethylsulfoniopropionate	as	a	cue	to	target	heat-stressed	
corals.	ISME	J.	8:	999–1007.	
Gauthier,	G.,	Gauthier,	M.,	and	Christen,	R.	(1995)	Phylogenetic	Analysis	of	the	Genera	
Alteromonas,	Shewanella,	and	Moritella	Using	Genes	Coding	for	Small-Subunit	rRNA	
Sequences	and	Division	of	the	Genus	Alteromonas	into	Two	Genera,	Alteromonas	
(Emended)	and	Pseudoalteromonas	gen.	nov.,	and	Proposal	of	Twelve	New	Species	
Combinations.	Int.	J.	Syst.	Evol.	Microbiol.	45:	755–761.	
Geiser,	D.M.,	Taylor,	J.W.,	Ritchie,	K.B.,	and	Smith,	G.W.	(1998)	Cause	of	sea	fan	death	in	the	
West	Indies.	Nature	394:	137–138.	
Gerba,	C.P.	and	McLeod,	J.S.	(1976)	Effect	of	sediments	on	the	survival	of	Escherichia	coli	in	
marine	waters.	Appl.	Environ.	Microbiol.	32:	114–120.	
		
132	
Ghose,	C.,	Eugenis,	I.,	Sun,	X.,	Edwards,	A.N.,	McBride,	S.M.,	Pride,	D.T.,	et	al.	(2016)	
Immunogenicity	and	protective	efficacy	of	recombinant	Clostridium	difficile	flagellar	
protein	FliC.	Emerg.	Microbes	Infect.	5:	e8.	
Givan,	S.A.,	Zhou,	M.-Y.,	Bromert,	K.,	Bivens,	N.,	and	Chapman,	L.F.	(2015)	Genome	Sequences	
of	Pseudoalteromonas	Strains	ATCC	BAA-314,	ATCC	70018,	and	ATCC	70019.	Genome	
Announc.	3:	e00390-15.	
Gm,	C.,	Dj,	N.,	and	Rb,	W.	(1997)	Coral	reefs,	forests,	and	thermal	vents:	the	worldwide	
exploration	of	nature	for	novel	antitumor	agents.	Semin.	Oncol.	24:	156–163.	
Gochfeld,	D.	and	Aeby,	G.	(2008)	Antibacterial	chemical	defenses	in	Hawaiian	corals	provide	
possible	protection	from	disease.	Mar.	Ecol.	Prog.	Ser.	362:	119–128.	
Goldberg,	J.	and	Wilkinson,	C.	(2004)	Global	threats	to	coral	reefs:	coral	bleaching,	global	
climate	change,	disease,	predator	plagues	and	invasive	species.	Status	Coral	Reefs	World	
2004:	67–92.	
Grigg,	R.W.	(1994)	Effects	of	sewage	discharge,	fishing	pressure	and	habitat	complexity	on	coral	
ecosystems	and	reef	fishes	in	Hawaii.	Mar.	Ecol.	Prog.	Ser.	Oldendorf	103:	25–34.	
Grünenfelder,	B.,	Gehrig,	S.,	and	Jenal,	U.	(2003)	Role	of	the	Cytoplasmic	C	Terminus	of	the	FliF	
Motor	Protein	in	Flagellar	Assembly	and	Rotation.	J.	Bacteriol.	185:	1624–1633.	
Guzman,	M.G.	and	Vazquez,	S.	(2010)	The	Complexity	of	Antibody-Dependent	Enhancement	of	
Dengue	Virus	Infection.	Viruses	2:	2649–2662.	
Haapkylä,	J.,	Unsworth,	R.K.F.,	Flavell,	M.,	Bourne,	D.G.,	Schaffelke,	B.,	and	Willis,	B.L.	(2011a)	
Seasonal	Rainfall	and	Runoff	Promote	Coral	Disease	on	an	Inshore	Reef.	PLOS	ONE	6:	
e16893.	
		
133	
Haley,	B.J.,	Grim,	C.J.,	Hasan,	N.A.,	Choi,	S.-Y.,	Chun,	J.,	Brettin,	T.S.,	et	al.	(2010)	Comparative	
genomic	analysis	reveals	evidence	of	two	novel	Vibrio	species	closely	related	to	V.	
cholerae.	BMC	Microbiol.	10:	154.	
Hamada,	M.,	Shoguchi,	E.,	Shinzato,	C.,	Kawashima,	T.,	Miller,	D.J.,	and	Satoh,	N.	(2013)	The	
Complex	NOD-Like	Receptor	Repertoire	of	the	Coral	Acropora	digitifera	Includes	Novel	
Domain	Combinations.	Mol.	Biol.	Evol.	30:	167–176.	
Harborne,	A.R.,	Rogers,	A.,	Bozec,	Y.-M.,	and	Mumby,	P.J.	(2017)	Multiple	Stressors	and	the	
Functioning	of	Coral	Reefs.	Annu.	Rev.	Mar.	Sci.	9:	445–468.	
Harvell,	C.D.,	Kim,	K.,	Burkholder,	J.M.,	Colwell,	R.R.,	Epstein,	P.R.,	Grimes,	D.J.,	et	al.	(1999)	
Emerging	Marine	Diseases--Climate	Links	and	Anthropogenic	Factors.	Science	285:	
1505–1510.	
Harvell,	D.,	Jordán-Dahlgren,	E.,	Merkel,	S.,	Rosenberg,	E.,	Raymundo,	L.,	Smith,	G.,	et	al.	(2007)	
Coral	disease,	environmental	drivers,	and	the	balance	between	coral	and	microbial	
associates.	Oceanography	20:	172–195.	
Harvell,	D.,	Kim,	K.,	Quirolo,	C.,	Weir,	J.,	and	Smith,	G.	(2001)	Coral	bleaching	and	disease:	
contributors	to	1998	mass	mortality	in	Briareum	asbestinum	(Octocorallia,	Gorgonacea).	
In,	Porter,J.W.	(ed),	The	Ecology	and	Etiology	of	Newly	Emerging	Marine	Diseases,	
Developments	in	Hydrobiology.	Springer	Netherlands,	pp.	97–104.	
Harwood,	V.J.,	Staley,	C.,	Badgley,	B.D.,	Borges,	K.,	and	Korajkic,	A.	(2014)	Microbial	source	
tracking	markers	for	detection	of	fecal	contamination	in	environmental	waters:	
relationships	between	pathogens	and	human	health	outcomes.	FEMS	Microbiol.	Rev.	38:	
1–40.	
		
134	
Henry,	L.-A.	and	Hart,	M.	(2005)	Regeneration	from	Injury	and	Resource	Allocation	in	Sponges	
and	Corals	-	a	Review.	Int.	Rev.	Hydrobiol.	90:	125–158.	
Hernandez-Agreda,	A.,	Gates,	R.D.,	and	Ainsworth,	T.D.	(2017)	Defining	the	Core	Microbiome	in	
Corals’	Microbial	Soup.	Trends	Microbiol.	25:	125–140.	
Hernandez-Agreda,	A.,	Leggat,	W.,	Bongaerts,	P.,	and	Ainsworth,	T.D.	(2016)	The	Microbial	
Signature	Provides	Insight	into	the	Mechanistic	Basis	of	Coral	Success	across	Reef	
Habitats.	mBio	7:	e00560-16.	
Hoegh-Guldberg,	O.	(1999)	Climate	change,	coral	bleaching	and	the	future	of	the	world’s	coral	
reefs.	Mar.	Freshw.	Res.	50:	839–866.	
Hoegh-Guldberg,	O.,	Mumby,	P.J.,	Hooten,	A.J.,	Steneck,	R.S.,	Greenfield,	P.,	Gomez,	E.,	et	al.	
(2007)	Coral	Reefs	Under	Rapid	Climate	Change	and	Ocean	Acidification.	Science	318:	
1737–1742.	
Holden,	C.	(1996)	Coral	disease	hot	spot	in	Florida	Keys.	Science	274:	2017.	
Holmström,	C.,	Egan,	S.,	Franks,	A.,	McCloy,	S.,	and	Kjelleberg,	S.	(2002)	Antifouling	activities	
expressed	by	marine	surface	associated	Pseudoalteromonas	species.	FEMS	Microbiol.	
Ecol.	41:	47–58.	
Holmström,	C.,	James,	S.,	Neilan,	B.A.,	White,	D.C.,	and	Kjelleberg,	S.	(1998)	Pseudoalteromonas	
tunicata	sp.	nov.,	a	bacterium	that	produces	antifouling	agents.	Int.	J.	Syst.	Evol.	
Microbiol.	48:	1205–1212.	
Holmström,	C.	and	Kjelleberg,	S.	(1999)	Marine	Pseudoalteromonas	species	are	associated	with	
higher	organisms	and	produce	biologically	active	extracellular	agents.	FEMS	Microbiol.	
Ecol.	30:	285–293.	
		
135	
Holmström,	C.,	Steinberg,	P.,	Christov,	V.,	Christie,	G.,	and	Kjelleberg,	S.	(2000)	Bacteria	
immobilised	in	Gels:	Improved	methodologies	for	antifouling	and	biocontrol	
applications.	Biofouling	15:	109–117.	
Huang,	X.	and	Madan,	A.	(1999)	CAP3:	A	DNA	Sequence	Assembly	Program.	Genome	Res.	9:	
868–877.	
Huang,	Y.,	Callahan,	S.,	and	Hadfield,	M.G.	(2012)	Recruitment	in	the	sea:	bacterial	genes	
required	for	inducing	larval	settlement	in	a	polychaete	worm.	Sci.	Rep.	2:.	
Hudson,	J.H.	(2000)	First	aid	for	massive	corals	infected	with	black	band	disease,	Phormidium	
corallyticum:	An	underwater	aspirator	and	post-treatment	sealant	to	curtail	reinfection.	
Huggett,	M.J.,	Williamson,	J.E.,	Nys,	R.	de,	Kjelleberg,	S.,	and	Steinberg,	P.D.	(2006)	Larval	
settlement	of	the	common	Australian	sea	urchin	Heliocidaris	erythrogramma	in	
response	to	bacteria	from	the	surface	of	coralline	algae.	Oecologia	149:	604–619.	
Hughes,	T.P.	(2003)	Climate	Change,	Human	Impacts,	and	the	Resilience	of	Coral	Reefs.	Science	
301:	929–933.	
Hunter,	C.L.	and	Evans,	C.W.	(1995)	Coral	reefs	in	Kaneohe	Bay,	Hawaii:	two	centuries	of	
western	influence	and	two	decades	of	data.	Bull.	Mar.	Sci.	57:	501–515.	
Ishii,	S.	and	Sadowsky,	M.J.	(2008)	Escherichia	coli	in	the	Environment:	Implications	for	Water	
Quality	and	Human	Health.	Microbes	Environ.	23:	101–108.	
Ivanova,	E.P.,	Kiprianova,	E.A.,	Mikhailov,	V.V.,	Levanova,	G.F.,	Garagulya,	A.D.,	Gorshkova,	
N.M.,	et	al.	(1996)	Characterization	and	Identification	of	Marine	Alteromonas	
nigrifaciens	Strains	and	Emendation	of	the	Description.	Int.	J.	Syst.	Evol.	Microbiol.	46:	
223–228.	
		
136	
Ivanova,	E.P.,	Kiprianova,	E.A.,	Mikhailov,	V.V.,	Levanova,	G.F.,	Garagulya,	A.D.,	Gorshkova,	
N.M.,	et	al.	(1998)	Phenotypic	diversity	of	Pseudoalteromonas	citrea	from	different	
marine	habitats	and	emendation	of	the	description.	Int.	J.	Syst.	Bacteriol.	48	Pt	1:	247–
256.	
Ivanova,	E.P.,	Nicolau,	D.V.,	Yumoto,	N.,	Taguchi,	T.,	Okamoto,	K.,	Tatsu,	Y.,	et	al.	(1998)	Impact	
of	conditions	of	cultivation	and	adsorption	on	antimicrobial	activity	of	marine	bacteria.	
Mar.	Biol.	130:	545–551.	
Janeway,	C.A.	(1989)	Approaching	the	asymptote?	Evolution	and	revolution	in	immunology.	
Cold	Spring	Harb.	Symp.	Quant.	Biol.	54	Pt	1:	1–13.	
Janouškovec,	J.,	Horák,	A.,	Barott,	K.L.,	Rohwer,	F.L.,	and	Keeling,	P.J.	(2012)	Global	analysis	of	
plastid	diversity	reveals	apicomplexan-related	lineages	in	coral	reefs.	Curr.	Biol.	22:	
R518–R519.	
Jokiel,	P.L.	(1978)	Effects	of	water	motion	on	reef	corals.	J.	Exp.	Mar.	Biol.	Ecol.	35:	87–97.	
Jones,	R.J.,	Bowyer,	J.,	HoeghGuldberg,	O.,	and	Blackall,	L.L.	(2004)	Dynamics	of	a	temperature-
related	coral	disease	outbreak.	Mar.	Ecol.	Prog.	Ser.	281:	63–77.	
Kellogg,	C.A.	(2004)	Tropical	Archaea:	diversity	associated	with	the	surface	microlayer	of	corals.	
Mar.	Ecol.	Prog.	Ser.	273:	81–88.	
Kellogg,	C.A.,	Piceno,	Y.M.,	Tom,	L.M.,	DeSantis,	T.Z.,	Gray,	M.A.,	Zawada,	D.G.,	and	Andersen,	
G.L.	(2013)	Comparing	Bacterial	Community	Composition	between	Healthy	and	White	
Plague-Like	Disease	States	in	Orbicella	annularis	Using	PhyloChipTM	G3	Microarrays.	
PLoS	ONE	8:	e79801.	
		
137	
Kim,	K.,	Alker,	A.P.,	Shuster,	K.,	Quirolo,	C.,	and	Harvell,	C.D.	(2006)	Longitudinal	study	of	
aspergillosis	in	sea	fan	corals.	Dis.	Aquat.	Organ.	69:	95–99.	
Kimes,	N.E.,	Grim,	C.J.,	Johnson,	W.R.,	Hasan,	N.A.,	Tall,	B.D.,	Kothary,	M.H.,	et	al.	(2012)	
Temperature	regulation	of	virulence	factors	in	the	pathogen	Vibrio	coralliilyticus.	ISME	J.	
6:	835–846.	
Kimes,	N.E.,	Van	Nostrand,	J.D.,	Weil,	E.,	Zhou,	J.,	and	Morris,	P.J.	(2010)	Microbial	functional	
structure	of	Montastraea	faveolata,	an	important	Caribbean	reef-building	coral,	differs	
between	healthy	and	yellow-band	diseased	colonies.	Environ.	Microbiol.	12:	541–556.	
Koch,	R.	(1876)	The	etiology	of	anthrax,	based	on	the	life	history	of	Bacillus	anthracis.	Beitr	Biol	
Pflanz	2:	277–310.	
Koren,	O.	and	Rosenberg,	E.	(2006)	Bacteria	associated	with	mucus	and	tissues	of	the	coral	
Oculina	patagonica	in	summer	and	winter.	Appl.	Environ.	Microbiol.	72:	5254–5259.	
Kovach,	M.E.,	Phillips,	R.W.,	Elzer,	P.H.,	Roop,	R.M.,	and	Peterson,	K.M.	(1994)	pBBR1MCS:	a	
broad-host-range	cloning	vector.	BioTechniques	16:	800–802.	
Kozich,	J.J.,	Westcott,	S.L.,	Baxter,	N.T.,	Highlander,	S.K.,	and	Schloss,	P.D.	(2013)	Development	
of	a	Dual-Index	Sequencing	Strategy	and	Curation	Pipeline	for	Analyzing	Amplicon	
Sequence	Data	on	the	MiSeq	Illumina	Sequencing	Platform.	Appl.	Environ.	Microbiol.	79:	
5112–5120.	
Kumar,	S.,	Stecher,	G.,	and	Tamura,	K.	(2016)	MEGA7:	Molecular	Evolutionary	Genetics	Analysis	
Version	7.0	for	Bigger	Datasets.	Mol.	Biol.	Evol.	33:	1870–1874.	
Kushmaro,	A.,	E,	R.,	M,	F.,	and	Y,	L.	(1997)	Bleaching	of	the	coral	Oculina	patagonica	by	Vibrio	
AK-1.	Mar.	Ecol.	Prog.	Ser.	147:	159–165.	
		
138	
Kvennefors,	E.C.E.,	Leggat,	W.,	Hoegh-Guldberg,	O.,	Degnan,	B.M.,	and	Barnes,	A.C.	(2008)	An	
ancient	and	variable	mannose-binding	lectin	from	the	coral	Acropora	millepora	binds	
both	pathogens	and	symbionts.	Dev.	Comp.	Immunol.	32:	1582–1592.	
Kvennefors,	E.C.E.,	Leggat,	W.,	Kerr,	C.C.,	Ainsworth,	T.D.,	Hoegh-Guldberg,	O.,	and	Barnes,	A.C.	
(2010)	Analysis	of	evolutionarily	conserved	innate	immune	components	in	coral	links	
immunity	and	symbiosis.	Dev.	Comp.	Immunol.	34:	1219–1229.	
Langbang,	A.,	Deka,	N.,	Rahman,	H.,	and	Kalita,	D.	(2016)	A	Study	on	Bacterial	Pathogens	
causing	Secondary	Infections	in	Patients	Suffering	from	Tuberculosis	and	their	Pattern	of	
Antibiotic	Sensitivity.	Int.	J.	Curr.	Microbiol.	Appl.	Sci.	5:	197–203.	
Lee,	Y.K.,	Lee,	J.-H.,	and	Lee,	H.K.	(2001)	Microbial	symbiosis	in	marine	sponges.	J.	Microbiol.-
SEOUL-	39:	254–264.	
Legnani-Fajardo,	C.,	Zunino,	P.,	Algorta,	G.,	and	Laborde,	H.F.	(1991)	Antigenic	and	
immunogenic	activity	of	flagella	and	fimbriae	preparations	from	uropathogenic	Proteus	
mirabilis.	Can.	J.	Microbiol.	37:	325–328.	
Lesser,	M.,	Falcón,	L.,	Rodríguez-Román,	A.,	Enríquez,	S.,	Hoegh-Guldberg,	O.,	and	Iglesias-
Prieto,	R.	(2007)	Nitrogen	fixation	by	symbiotic	cyanobacteria	provides	a	source	of	
nitrogen	for	the	scleractinian	coral	Montastraea	cavernosa.	Mar.	Ecol.	Prog.	Ser.	346:	
143–152.	
Lesser,	M.P.,	Bythell,	J.C.,	Gates,	R.D.,	Johnstone,	R.W.,	and	Hoegh-Guldberg,	O.	(2007)	Are	
infectious	diseases	really	killing	corals?	Alternative	interpretations	of	the	experimental	
and	ecological	data.	J.	Exp.	Mar.	Biol.	Ecol.	346:	36–44.	
		
139	
Lesser,	M.P.	and	Jarett,	J.K.	(2014)	Culture-dependent	and	culture-independent	analyses	reveal	
no	prokaryotic	community	shifts	or	recovery	of	Serratia	marcescens	in	Acropora	
palmata	with	white	pox	disease.	FEMS	Microbiol.	Ecol.	88:	457–467.	
Li,	W.,	Moltedo,	B.,	and	Moran,	T.M.	(2012)	Type	I	Interferon	Induction	during	Influenza	Virus	
Infection	Increases	Susceptibility	to	Secondary	Streptococcus	pneumoniae	Infection	by	
Negative	Regulation	of	γδ	T	Cells.	J.	Virol.	86:	12304–12312.	
Maeda,	M.,	Nogami,	K.,	Kanematsu,	M.,	and	Hirayama,	K.	(1997)	The	concept	of	biological	
control	methods	in	aquaculture.	Hydrobiologia	358:	285–290.	
Mallia,	P.,	Footitt,	J.,	Sotero,	R.,	Jepson,	A.,	Contoli,	M.,	Trujillo-Torralbo,	M.-B.,	et	al.	(2012)	
Rhinovirus	Infection	Induces	Degradation	of	Antimicrobial	Peptides	and	Secondary	
Bacterial	Infection	in	Chronic	Obstructive	Pulmonary	Disease.	Am.	J.	Respir.	Crit.	Care	
Med.	186:	1117–1124.	
Mayer,	J.J.	and	Brisbin,	I.L.	(2008)	Wild	pigs	in	the	United	States:	their	history,	comparative	
morphology,	and	current	status	University	of	Georgia	Press.	
McCauley,	E.P.,	Haltli,	B.,	and	Kerr,	R.G.	(2015)	Description	of	Pseudobacteriovorax	
antillogorgiicola	gen.	nov.,	sp.	nov.,	a	bacterium	isolated	from	the	gorgonian	octocoral	
Antillogorgia	elisabethae,	belonging	to	the	family	Pseudobacteriovoracaceae	fam.	nov.,	
within	the	order	Bdellovibrionales.	Int.	J.	Syst.	Evol.	Microbiol.	65:	522–530.	
Meron,	D.,	Efrony,	R.,	Johnson,	W.R.,	Schaefer,	A.L.,	Morris,	P.J.,	Rosenberg,	E.,	et	al.	(2009)	
Role	of	Flagella	in	Virulence	of	the	Coral	Pathogen	Vibrio	coralliilyticus.	Appl.	Environ.	
Microbiol.	75:	5704–5707.	
Messing,	J.	(1983)	New	M13	vectors	for	cloning.	Methods	Enzym.	101:	20–78.	
		
140	
Meyer,	J.L.,	Paul,	V.J.,	and	Teplitski,	M.	(2014)	Community	Shifts	in	the	Surface	Microbiomes	of	
the	Coral	Porites	astreoides	with	Unusual	Lesions.	PLOS	ONE	9:	e100316.	
Meyer,	J.L.,	Rodgers,	J.M.,	Dillard,	B.A.,	Paul,	V.J.,	and	Teplitski,	M.	(2016)	Epimicrobiota	
Associated	with	the	Decay	and	Recovery	of	Orbicella	Corals	Exhibiting	Dark	Spot	
Syndrome.	Front.	Microbiol.	7:.	
Middleton,	R.	m,	Kirkpatrick,	M.B.,	and	Bass,	J.B.	(1993)	The	role	of	bacterial	super	infection	in	
extensive	pulmonary	tuberculosis.	Data	from	protected	brush	cultures	in	untreated	
patients	from	the	University	of	South	Alabama	Medical	Center,	Mobile,	Alabama,	USA.	
Tuber.	Lung	Dis.	Off.	J.	Int.	Union	Tuberc.	Lung	Dis.	74:	187–190.	
Miller,	M.W.	and	Williams,	D.E.	(2006)	Coral	disease	outbreak	at	Navassa,	a	remote	Caribbean	
island.	Coral	Reefs	26:	97–101.	
Moberg,	F.	and	Folke,	C.	(1999)	Ecological	goods	and	services	of	coral	reef	ecosystems.	Ecol.	
Econ.	29:	215–233.	
Mosher,	J.J.,	Bowman,	B.,	Bernberg,	E.L.,	Shevchenko,	O.,	Kan,	J.,	Korlach,	J.,	and	Kaplan,	L.A.	
(2014)	Improved	performance	of	the	PacBio	SMRT	technology	for	16S	rDNA	sequencing.	
J.	Microbiol.	Methods	104:	59–60.	
Mouchka,	M.E.,	Hewson,	I.,	and	Harvell,	C.D.	(2010)	Coral-Associated	Bacterial	Assemblages:	
Current	Knowledge	and	the	Potential	for	Climate-Driven	Impacts.	Integr.	Comp.	Biol.	50:	
662–674.	
Muller,	E.M.	and	van	Woesik,	R.	(2012)	Caribbean	coral	diseases:	primary	transmission	or	
secondary	infection?	Glob.	Change	Biol.	18:	3529–3535.	
		
141	
Mydlarz,	L.D.	and	Palmer,	C.V.	(2011)	The	presence	of	multiple	phenoloxidases	in	Caribbean	
reef-building	corals.	Comp.	Biochem.	Physiol.	A.	Mol.	Integr.	Physiol.	159:	372–378.	
Nagelkerken,	I.,	Buchan,	K.,	Smith,	G.W.,	Bonair,	K.,	Bush,	P.,	GarznFerreira,	J.,	et	al.	(1997)	
Widespread	disease	in	Caribbean	sea	fans:	II.	Patterns	of	infection	and	tissue	loss.	Mar.	
Ecol.	Prog.	Ser.	160:	255–263.	
Nandakumar,	R.,	Babu,	S.,	Viswanathan,	R.,	Raguchander,	T.,	and	Samiyappan,	R.	(2001)	
Induction	of	systemic	resistance	in	rice	against	sheath	blight	disease	by	Pseudomonas	
fluorescens.	Soil	Biol.	Biochem.	33:	603–612.	
Navas-Camacho,	R.,	Gil-Agudelo,	D.L.,	Rodríguez-Ramírez,	A.,	Reyes-Nivia,	M.C.,	and	Garzón-
Ferreira,	J.	(2010)	Coral	diseases	and	bleaching	on	Colombian	Caribbean	coral	reefs.	Rev.	
Biol.	Trop.	58:	95–106.	
Nelson,	E.J.	and	Ghiorse,	W.C.	(1999)	Isolation	and	identification	of	Pseudoalteromonas	
piscicida	strain	Cura-d	associated	with	diseased	damselfish	(Pomacentridae)	eggs.	J.	Fish	
Dis.	22:	253–260.	
Ng,	J.C.Y.,	Chan,	Y.,	Tun,	H.M.,	Leung,	F.C.C.,	Shin,	P.K.S.,	and	Chiu,	J.M.Y.	(2015)	
Pyrosequencing	of	the	bacteria	associated	with	Platygyra	carnosus	corals	with	skeletal	
growth	anomalies	reveals	differences	in	bacterial	community	composition	in	apparently	
healthy	and	diseased	tissues.	Front.	Microbiol.	6:.	
Nissimov,	J.,	Rosenberg,	E.,	and	Munn,	C.B.	(2009)	Antimicrobial	properties	of	resident	coral	
mucus	bacteria	of	Oculina	patagonica.	FEMS	Microbiol.	Lett.	292:	210–215.	
Nugues,	M.M.,	Smith,	G.W.,	van	Hooidonk,	R.J.,	Seabra,	M.I.,	and	Bak,	R.P.M.	(2004)	Algal	
contact	as	a	trigger	for	coral	disease.	Ecol.	Lett.	7:	919–923.	
		
142	
Okabe,	S.	and	Shimazu,	Y.	(2007)	Persistence	of	host-specific	Bacteroides–Prevotella	16S	rRNA	
genetic	markers	in	environmental	waters:	effects	of	temperature	and	salinity.	Appl.	
Microbiol.	Biotechnol.	76:	935–944.	
Oppen,	M.J.H.	van,	Leong,	J.-A.,	and	Gates,	R.D.	(2009)	Coral-virus	interactions:	A	double-edged	
sword?	Symbiosis	47:	1–8.	
O’Toole,	G.A.	(2011)	Microtiter	Dish	Biofilm	Formation	Assay.	J.	Vis.	Exp.	
Page,	C.A.	and	Willis,	B.L.	(2008)	Epidemiology	of	skeletal	eroding	band	on	the	Great	Barrier	
Reef	and	the	role	of	injury	in	the	initiation	of	this	widespread	coral	disease.	Coral	Reefs	
27:	257–272.	
Paillard,	C.,	Le	Roux,	F.,	and	Borrego,	J.J.	(2004)	Bacterial	disease	in	marine	bivalves,	a	review	of	
recent	studies:	Trends	and	evolution.	Aquat.	Living	Resour.	17:	477–498.	
Palmer,	C.V.,	McGinty,	E.S.,	Cummings,	D.J.,	Smith,	S.M.,	Bartels,	E.,	and	Mydlarz,	L.D.	(2011)	
Patterns	of	coral	ecological	immunology:	variation	in	the	responses	of	Caribbean	corals	
to	elevated	temperature	and	a	pathogen	elicitor.	J.	Exp.	Biol.	214:	4240–4249.	
Pantos,	O.	and	Bythell,	J.C.	(2006)	Bacterial	community	structure	associated	with	white	band	
disease	in	the	elkhorn	coral	Acropora	palmata	determined	using	culture-independent	
16S	rRNA	techniques.	Dis.	Aquat.	Organ.	69:	79–88.	
Pantos,	O.,	Cooney,	R.P.,	Le	Tissier,	M.D.A.,	Barer,	M.R.,	O’Donnell,	A.G.,	and	Bythell,	J.C.	(2003)	
The	bacterial	ecology	of	a	plague-like	disease	affecting	the	Caribbean	coral	Montastrea	
annularis.	Environ.	Microbiol.	5:	370–382.	
		
143	
Patten,	N.L.,	Harrison,	P.L.,	and	Mitchell,	J.G.	(2008)	Prevalence	of	virus-like	particles	within	a	
staghorn	scleractinian	coral	(Acropora	muricata)	from	the	Great	Barrier	Reef.	Coral	
Reefs	27:	569–580.	
Patterson,	K.L.,	Porter,	J.W.,	Ritchie,	K.B.,	Polson,	S.W.,	Mueller,	E.,	Peters,	E.C.,	et	al.	(2002)	The	
etiology	of	white	pox,	a	lethal	disease	of	the	Caribbean	elkhorn	coral,	Acropora	palmata.	
Proc.	Natl.	Acad.	Sci.	99:	8725–8730.	
Peterson,	J.W.	(1996)	Bacterial	Pathogenesis.	In,	Baron,S.	(ed),	Medical	Microbiology.	University	
of	Texas	Medical	Branch	at	Galveston,	Galveston	(TX).	
Pichon,	D.,	Domart-Coulon,	I.,	and	Boucher-Rodoni,	R.	(2007)	Cephalopod	bacterial	
associations:	characterization	and	isolation	of	the	symbiotic	complex	in	the	Accessory	
Nidamental	Glands.	Boll.	Malacol.	43:	96.	
Pittet,	D.,	Li,	N.,	and	Wenzel,	R.P.	(1993)	Association	of	secondary	and	polymicrobial	nosocomial	
bloodstream	infections	with	higher	mortality.	Eur.	J.	Clin.	Microbiol.	Infect.	Dis.	12:	813–
819.	
Pollock,	F.J.,	Morris,	P.J.,	Willis,	B.L.,	and	Bourne,	D.G.	(2011)	The	Urgent	Need	for	Robust	Coral	
Disease	Diagnostics.	PLOS	Pathog.	7:	e1002183.	
Pollock,	F.J.,	Wada,	N.,	Torda,	G.,	Willis,	B.L.,	and	Bourne,	D.G.	(2017)	White	Syndrome-Affected	
Corals	Have	a	Distinct	Microbiome	at	Disease	Lesion	Fronts.	Appl.	Environ.	Microbiol.	83:	
e02799-16.	
Porter,	J.W.P.K.G.	(2001)	The	Everglades,	Florida	Bay,	and	coral	reefs	of	the	Florida	Keys:	an	
ecosystem	sourcebook	CRC	Press.	
		
144	
Pruesse,	E.,	Quast,	C.,	Knittel,	K.,	Fuchs,	B.M.,	Ludwig,	W.,	Peplies,	J.,	and	Glöckner,	F.O.	(2007)	
SILVA:	a	comprehensive	online	resource	for	quality	checked	and	aligned	ribosomal	RNA	
sequence	data	compatible	with	ARB.	Nucleic	Acids	Res.	35:	7188–7196.	
Pujalte,	M.J.,	Sitjà-Bobadilla,	A.,	Macián,	M.C.,	Álvarez-Pellitero,	P.,	and	Garay,	E.	(2007)	
Occurrence	and	virulence	of	Pseudoalteromonas	spp.	in	cultured	gilthead	sea	bream	
(Sparus	aurata)	and	European	sea	bass	(Dicentrarchus	labrax).	Molecular	and	
phenotypic	characterisation	of	P.	undina	strain	U58.	Aquaculture	271:	47–53.	
Quistad,	S.D.,	Stotland,	A.,	Barott,	K.L.,	Smurthwaite,	C.A.,	Hilton,	B.J.,	Grasis,	J.A.,	et	al.	(2014)	
Evolution	of	TNF-induced	apoptosis	reveals	550	My	of	functional	conservation.	Proc.	
Natl.	Acad.	Sci.	111:	9567–9572.	
Raina,	J.-B.,	Tapiolas,	D.,	Motti,	C.A.,	Foret,	S.,	Seemann,	T.,	Tebben,	J.,	et	al.	(2016)	Isolation	of	
an	antimicrobial	compound	produced	by	bacteria	associated	with	reef-building	corals.	
PeerJ	4:	e2275.	
Raymundo,	L.J.,	Couch,	C.S.,	Harvell,	C.D.,	Raymundo,	J.,	Bruckner,	A.W.,	Work,	T.M.,	et	al.	
(2008)	Coral	Disease	Handbook	Guidelines	for	Assessment,	Monitoring	&	Management.	
Reed,	S.	(1971)	Some	common	coelenterates	in	Kāne‘ohe	Bay,	O‘ahu,	Hawai‘i.	Exp.	Coelenterate	
Biol.	Univ.	Hawaii	Press	Honol.	37–51.	
Reshef,	L.,	Koren,	O.,	Loya,	Y.,	Zilber-Rosenberg,	I.,	and	Rosenberg,	E.	(2006)	The	Coral	Probiotic	
Hypothesis.	Environ.	Microbiol.	8:	2068–2073.	
Rezai,	H.,	Wilson,	S.,	Claereboudt,	M.,	and	Riegl,	B.	(2004)	Coral	Reef	Status	in	the	ROPME	Sea	
Area:	Arabian/Persian	Gulf,	Gulf	of	Oman	and	Arabian	Sea.	Status	Coral	Reefs	World	
2004	155–170.	
		
145	
Richards,	G.P.,	Watson,	M.A.,	Needleman,	D.S.,	Church,	K.M.,	and	Häse,	C.C.	(2015)	Mortalities	
of	Eastern	and	Pacific	oyster	Larvae	caused	by	the	pathogens	Vibrio	coralliilyticus	and	
Vibrio	tubiashii.	Appl.	Environ.	Microbiol.	81:	292–297.	
Richardson,	K.	(1991)	Roles	of	motility	and	flagellar	structure	in	pathogenicity	of	Vibrio	
cholerae:	analysis	of	motility	mutants	in	three	animal	models.	Infect.	Immun.	59:	2727–
2736.	
Richardson,	L.L.	(2004)	Black	Band	Disease.	In,	Rosenberg,P.E.	and	Loya,P.Y.	(eds),	Coral	Health	
and	Disease.	Springer	Berlin	Heidelberg,	pp.	325–336.	
Richardson,	L.L.	(1998)	Coral	diseases:	what	is	really	known?	Trends	Ecol.	Evol.	13:	438–443.	
Richardson,	L.L.	(1996)	Horizontal	and	vertical	migration	patterns	of	Phorrnidium	corallyticum	
and	Beggiatoa	spp.	associated	with	black-band	disease	of	corals.	Microb.	Ecol.	32:	323–
335.	
Richardson,	L.L.,	Goldberg,	W.M.,	Carlton,	R.G.,	and	Halas,	J.	(1998)	Coral	disease	outbreak	in	
the	Florida	Keys:	plague	type	II.	Rev	Biol	Trop	46:	187–198.	
Richardson,	L.L.,	Miller,	A.W.,	Broderick,	E.,	Kaczmarsky,	L.,	Gantar,	M.,	and	Sekar,	R.	(2009)	
Sulfide,	microcystin,	and	the	etiology	of	black	band	disease.	Dis.	Aquat.	Organ.	87:	79–
90.	
Richardson,	L.L.,	Smith,	G.W.,	Ritchie,	K.B.,	and	Carlton,	R.G.	(2001)	Integrating	microbiological,	
microsensor,	molecular,	and	physiologic	techniques	in	the	study	of	coral	disease	
pathogenesis.	In,	Porter,J.W.	(ed),	The	Ecology	and	Etiology	of	Newly	Emerging	Marine	
Diseases,	Developments	in	Hydrobiology.	Springer	Netherlands,	pp.	71–89.	
		
146	
Richmond,	R.H.	(1993)	Coral	Reefs:	Present	Problems	and	Future	Concerns	Resulting	from	
Anthropogenic	Disturbance.	Integr.	Comp.	Biol.	33:	524–536.	
Ritchie,	K.B.	(2006)	Regulation	of	microbial	populations	by	coral	surface	mucus	and	mucus-
associated	bacteria.	Mar.	Ecol.	Prog.	Ser.	322:	1–14.	
Ritchie,	K.B.	and	Smith,	G.W.	(2004)	Microbial	Communities	of	Coral	Surface	
Mucopolysaccharide	Layers.	In,	Rosenberg,P.E.	and	Loya,P.Y.	(eds),	Coral	Health	and	
Disease.	Springer	Berlin	Heidelberg,	pp.	259–264.	
Rohwer,	F.,	Breitbart,	M.,	Jara,	J.,	Azam,	F.,	and	Knowlton,	N.	(2001)	Diversity	of	bacteria	
associated	with	the	Caribbean	coral	Montastraea	franksi.	Coral	Reefs	20:	85–91.	
Rohwer,	F.	and	Kelley,	S.	(2004)	Culture-Independent	Analyses	of	Coral-Associated	Microbes.	In,	
Rosenberg,P.E.	and	Loya,P.Y.	(eds),	Coral	Health	and	Disease.	Springer	Berlin	Heidelberg,	
pp.	265–277.	
Rohwer,	F.,	Seguritan,	V.,	Azam,	F.,	and	Knowlton,	N.	(2002)	Diversity	and	distribution	of	coral-
associated	bacteria.	Mar.	Ecol.	Prog.	Ser.	243:	1–10.	
Rosenberg,	E.,	Falkovitz,	L.	(2004)	The	Vibrio	shiloi/Oculina	patagonica	Model	System	of	Coral	
Bleaching	(2004)	Annu.	Rev.	Microbiol.	58:	143–159.	
Rosenberg,	E.,	Koren,	O.,	Reshef,	L.,	Efrony,	R.,	and	Zilber-Rosenberg,	I.	(2007)	The	role	of	
microorganisms	in	coral	health,	disease	and	evolution.	Nat.	Rev.	Microbiol.	5:	355–362.	
Roth,	M.S.	(2014)	The	engine	of	the	reef:	photobiology	of	the	coral–algal	symbiosis.	Front.	
Microbiol.	5:.	
		
147	
Roux,	F.L.,	Binesse,	J.,	Saulnier,	D.,	and	Mazel,	D.	(2007)	Construction	of	a	Vibrio	splendidus	
Mutant	Lacking	the	Metalloprotease	Gene	vsm	by	Use	of	a	Novel	Counterselectable	
Suicide	Vector.	Appl.	Environ.	Microbiol.	73:	777–784.	
Rypien,	K.L.,	Ward,	J.R.,	and	Azam,	F.	(2010)	Antagonistic	interactions	among	coral-associated	
bacteria.	Environ.	Microbiol.	12:	28–39.	
Saidenberg,	A.B.S.,	Teixeira,	R.H.F.,	Astolfi-Ferreira,	C.S.,	Knöbl,	T.,	and	Piantino	Ferreira,	A.J.	
(2007)	Serratia	marcescens	Infection	in	a	Swallow-tailed	Hummingbird.	J.	Wildl.	Dis.	43:	
107–110.	
Saitou,	N.	and	Nei,	M.	(1987)	The	neighbor-joining	method:	a	new	method	for	reconstructing	
phylogenetic	trees.	Mol.	Biol.	Evol.	4:	406–425.	
Santavy,	D.L.,	Mueller,	E.,	Peters,	E.C.,	MacLaughlin,	L.,	Porter,	J.W.,	Patterson,	K.L.,	and	
Campbell,	J.	(2001)	Quantitative	assessment	of	coral	diseases	in	the	Florida	Keys:	
strategy	and	methodology.	In,	Porter,J.W.	(ed),	The	Ecology	and	Etiology	of	Newly	
Emerging	Marine	Diseases,	Developments	in	Hydrobiology.	Springer	Netherlands,	pp.	
39–52.	
Santavy,	D.L.,	Peters,	E.C.,	Quirolo,	C.,	Porter,	J.W.,	and	Bianchi,	C.N.	(1999)	Yellow-blotch	
disease	outbreak	on	reefs	of	the	San	Blas	Islands,	Panama.	Coral	Reefs	18:	97–97.	
Santos,	E.	de	O.,	Alves,	N.,	Dias,	G.M.,	Mazotto,	A.M.,	Vermelho,	A.,	Vora,	G.J.,	et	al.	(2011)	
Genomic	and	proteomic	analyses	of	the	coral	pathogen	Vibrio	coralliilyticus	reveal	a	
diverse	virulence	repertoire.	ISME	J.	5:	1471–1483.	
Sasser,	M.	(1990)	Identification	of	bacteria	by	gas	chromatography	of	cellular	fatty	acids.	
		
148	
Sato,	Y.,	Willis,	B.L.,	and	Bourne,	D.G.	(2013)	Pyrosequencing-based	profiling	of	archaeal	and	
bacterial	16S	rRNA	genes	identifies	a	novel	archaeon	associated	with	black	band	disease	
in	corals.	Environ.	Microbiol.	15:	2994–3007.	
Sato,	Y.,	Willis,	B.L.,	and	Bourne,	D.G.	(2009)	Successional	changes	in	bacterial	communities	
during	the	development	of	black	band	disease	on	the	reef	coral,	Montipora	hispida.	
ISME	J.	4:	203–214.	
Sawabe,	T.,	Kita-Tsukamoto,	K.,	and	Thompson,	F.L.	(2007)	Inferring	the	Evolutionary	History	of	
Vibrios	by	Means	of	Multilocus	Sequence	Analysis.	J.	Bacteriol.	189:	7932–7936.	
Schloss,	P.D.	(2013)	Secondary	structure	improves	OTU	assignments	of	16S	rRNA	gene	
sequences.	ISME	J.	7:	457–460.	
Schloss,	P.D.,	Jenior,	M.L.,	Koumpouras,	C.C.,	Westcott,	S.L.,	and	Highlander,	S.K.	(2016)	
Sequencing	16S	rRNA	gene	fragments	using	the	PacBio	SMRT	DNA	sequencing	system.	
PeerJ	4:	e1869.	
Schloss,	P.D.,	Westcott,	S.L.,	Ryabin,	T.,	Hall,	J.R.,	Hartmann,	M.,	Hollister,	E.B.,	et	al.	(2009)	
Introducing	mothur:	Open-Source,	Platform-Independent,	Community-Supported	
Software	for	Describing	and	Comparing	Microbial	Communities.	Appl.	Environ.	
Microbiol.	75:	7537–7541.	
Schröttner,	P.,	Rudolph,	W.W.,	Taube,	F.,	and	Gunzer,	F.	(2014)	First	report	on	the	isolation	of	
Aureimonas	altamirensis	from	a	patient	with	peritonitis.	Int.	J.	Infect.	Dis.	29:	71–73.	
Schwarz,	J.A.,	Brokstein,	P.B.,	Voolstra,	C.,	Terry,	A.Y.,	Miller,	D.J.,	Szmant,	A.M.,	et	al.	(2008)	
Coral	life	history	and	symbiosis:	Functional	genomic	resources	for	two	reef	building	
Caribbean	corals,	Acropora	palmata	and	Montastraea	faveolata.	BMC	Genomics	9:	97.	
		
149	
Sharon,	G.	and	Rosenberg,	E.	(2008)	Bacterial	Growth	on	Coral	Mucus.	Curr.	Microbiol.	56:	481–
488.	
Sheppard,	C.,	Dixon,	D.J.,	Gourlay,	M.,	Sheppard,	A.,	and	Payet,	R.	(2005)	Coral	mortality	
increases	wave	energy	reaching	shores	protected	by	reef	flats:	Examples	from	the	
Seychelles.	Estuar.	Coast.	Shelf	Sci.	64:	223–234.	
Shnit-Orland,	M.	and	Kushmaro,	A.	(2009)	Coral	mucus-associated	bacteria:	a	possible	first	line	
of	defense.	FEMS	Microbiol.	Ecol.	67:	371–380.	
Shore-Maggio,	A.,	Runyon,	C.M.,	Ushijima,	B.,	Aeby,	G.S.,	and	Callahan,	S.M.	(2015)	Differences	
in	Bacterial	Community	Structure	in	Two	Color	Morphs	of	the	Hawaiian	Reef	Coral	
Montipora	capitata.	Appl.	Environ.	Microbiol.	81:	7312–7318.	
Siboni,	N.,	Ben-Dov,	E.,	Sivan,	A.,	and	Kushmaro,	A.	(2008)	Global	distribution	and	diversity	of	
coral-associated	Archaea	and	their	possible	role	in	the	coral	holobiont	nitrogen	cycle.	
Environ.	Microbiol.	10:	2979–2990.	
Simidu,	U.,	Kita-Tsukamoto,	K.,	Yasumoto,	T.,	and	Yotsu,	M.	(1990)	Taxonomy	of	Four	Marine	
Bacterial	Strains	That	Produce	Tetrodotoxin.	Int.	J.	Syst.	Evol.	Microbiol.	40:	331–336.	
Smibert,	R.M.	and	Krieg,	N.R.	(1994)	Phenotypic	characterization:	In	Methods	for	General	and	
Molecular	Bacteriology	P.	WashingtonDC	Am.	Soc.	Microbiol.	
Stabb,	E.V.	and	Ruby,	E.G.	(2002)	RP4-based	plasmids	for	conjugation	between	Escherichia	coli	
and	members	of	the	Vibrionaceae.	Methods	Enzymol.	358:	413–426.	
Steinmetz,	M.,	Coq,	D.L.,	Aymerich,	S.,	Gonzy-Tréboul,	G.,	and	Gay,	P.	(1985)	The	DNA	sequence	
of	the	gene	for	the	secreted	Bacillus	subtilis	enzyme	levansucrase	and	its	genetic	control	
sites.	Mol.	Gen.	Genet.	MGG	200:	220–228.	
		
150	
Stentiford,	G.D.	(2008)	Diseases	of	the	European	edible	crab	(Cancer	pagurus):	a	review.	ICES	J.	
Mar.	Sci.	65:	1578–1592.	
Stimson,	J.	(2015)	Long-Term	Record	of	Nutrient	Concentrations	in	Kāne‘ohe	Bay,	O‘ahu,	
Hawai‘i,	and	Its	Relevance	to	Onset	and	End	of	a	Phase	Shift	Involving	an	Indigenous	
Alga,	Dictyosphaeria	cavernosa.	Pac.	Sci.	69:	319–339.	
Sunagawa,	S.,	DeSantis,	T.Z.,	Piceno,	Y.M.,	Brodie,	E.L.,	DeSalvo,	M.K.,	Voolstra,	C.R.,	et	al.	
(2009)	Bacterial	diversity	and	White	Plague	Disease-associated	community	changes	in	
the	Caribbean	coral	Montastraea	faveolata.	ISME	J.	3:	512–521.	
Sunagawa,	S.,	Woodley,	C.M.,	and	Medina,	M.	(2010)	Threatened	Corals	Provide	Underexplored	
Microbial	Habitats.	PLOS	ONE	5:	e9554.	
Sussman,	M.,	Loya,	Y.,	Fine,	M.,	and	Rosenberg,	E.	(2003)	The	marine	fireworm	Hermodice	
carunculata	is	a	winter	reservoir	and	spring-summer	vector	for	the	coral-bleaching	
pathogen	Vibrio	shiloi.	Environ.	Microbiol.	5:	250–255.	
Sussman,	M.,	Mieog,	J.C.,	Doyle,	J.,	Victor,	S.,	Willis,	B.L.,	and	Bourne,	D.G.	(2009)	Vibrio	Zinc-
Metalloprotease	Causes	Photoinactivation	of	Coral	Endosymbionts	and	Coral	Tissue	
Lesions.	PLOS	ONE	4:	e4511.	
Sussman,	M.,	Willis,	B.L.,	Victor,	S.,	and	Bourne,	D.G.	(2008)	Coral	Pathogens	Identified	for	
White	Syndrome	(WS)	Epizootics	in	the	Indo-Pacific.	PLOS	ONE	3:	e2393.	
Sutherland,	K.,	Porter,	J.,	and	Torres,	C.	(2004)	Disease	and	immunity	in	Caribbean	and	Indo-
Pacific	zooxanthellate	corals.	Mar.	Ecol.	Prog.	Ser.	266:	273–302.	
		
151	
Sutherland,	K.P.,	Porter,	J.W.,	Turner,	J.W.,	Thomas,	B.J.,	Looney,	E.E.,	Luna,	T.P.,	et	al.	(2010)	
Human	sewage	identified	as	likely	source	of	white	pox	disease	of	the	threatened	
Caribbean	elkhorn	coral,	Acropora	palmata.	Environ.	Microbiol.	12:	1122–1131.	
Sutherland,	K.P.	and	Ritchie,	K.B.	(2004)	White	Pox	Disease	of	the	Caribbean	Elkhorn	Coral,	
Acropora	palmata.	In,	Rosenberg,P.E.	and	Loya,P.Y.	(eds),	Coral	Health	and	Disease.	
Springer	Berlin	Heidelberg,	pp.	289–300.	
Sutherland,	K.P.,	Shaban,	S.,	Joyner,	J.L.,	Porter,	J.W.,	and	Lipp,	E.K.	(2011)	Human	Pathogen	
Shown	to	Cause	Disease	in	the	Threatened	Eklhorn	Coral	Acropora	palmata.	PLOS	ONE	
6:	e23468.	
Suzuki,	M.T.	and	Giovannoni,	S.J.	(1996)	Bias	caused	by	template	annealing	in	the	amplification	
of	mixtures	of	16S	rRNA	genes	by	PCR.	Appl.	Environ.	Microbiol.	62:	625–630.	
Sweet,	M.J.	and	Bulling,	M.T.	(2017)	On	the	Importance	of	the	Microbiome	and	Pathobiome	in	
Coral	Health	and	Disease.	Front.	Mar.	Sci.	4:.	
Sweet,	M.J.,	Croquer,	A.,	and	Bythell,	J.C.	(2011)	Bacterial	assemblages	differ	between	
compartments	within	the	coral	holobiont.	Coral	Reefs	30:	39–52.	
Tanaka,	K.,	Guidry,	M.W.,	and	Gruber,	N.	(2013)	Ecosystem	Responses	of	the	Subtropical	
Kāne‘ohe	Bay,	Hawai‘i,	to	Climate	Change:	A	Nitrogen	Cycle	Modeling	Approach.	Aquat.	
Geochem.	19:	569–590.	
Tebben,	J.,	Tapiolas,	D.M.,	Motti,	C.A.,	Abrego,	D.,	Negri,	A.P.,	Blackall,	L.L.,	et	al.	(2011)	
Induction	of	Larval	Metamorphosis	of	the	Coral	Acropora	millepora	by	
Tetrabromopyrrole	Isolated	from	a	Pseudoalteromonas	Bacterium.	PLoS	ONE	6:	e19082.	
		
152	
Toledo-Hernández,	C.,	Gulis,	V.,	Ruiz-Diaz,	C.P.,	Sabat,	A.M.,	and	Bayman,	P.	(2013)	When	
aspergillosis	hits	the	fan:	Disease	transmission	and	fungal	biomass	in	diseased	versus	
healthy	sea	fans	(Gorgonia	ventalina).	Fungal	Ecol.	6:	161–167.	
Toledo-Hernández,	C.	and	Ruiz-Diaz,	C.P.	(2014)	The	immune	responses	of	the	coral.	Invertebr	
Surviv	J	11:	319–328.	
Ushijima,	B.,	Smith,	A.,	Aeby,	G.S.,	and	Callahan,	S.M.	(2012)	Vibrio	owensii	Induces	the	Tissue	
Loss	Disease	Montipora	White	Syndrome	in	the	Hawaiian	Reef	Coral	Montipora	
capitata.	PLOS	ONE	7:	e46717.	
Ushijima,	B.,	Videau,	P.,	Burger,	A.H.,	Shore-Maggio,	A.,	Runyon,	C.M.,	Sudek,	M.,	et	al.	(2014)	
Vibrio	coralliilyticus	Strain	OCN008	Is	an	Etiological	Agent	of	Acute	Montipora	White	
Syndrome.	Appl.	Environ.	Microbiol.	80:	2102–2109.	
Ushijima,	B.,	Videau,	P.,	Poscablo,	D.,	Stengel,	J.W.,	Beurmann,	S.,	Burger,	A.H.,	et	al.	(2016)	
Mutation	of	the	toxR	or	mshA	genes	from	Vibrio	coralliilyticus	strain	OCN014	reduces	
infection	of	the	coral	Acropora	cytherea.	Environ.	Microbiol.	18:	4055–4067.	
Vattakaven,	T.,	Bond,	P.,	Bradley,	G.,	and	Munn,	C.B.	(2006)	Differential	Effects	of	Temperature	
and	Starvation	on	Induction	of	the	Viable-but-Nonculturable	State	in	the	Coral	
Pathogens	Vibrio	shiloi	and	Vibrio	tasmaniensis.	Appl.	Environ.	Microbiol.	72:	6508–
6513.	
Vayssier-Taussat,	M.,	Albina,	E.,	Citti,	C.,	Cosson,	J.F.,	Jacques,	M.-A.,	Lebrun,	M.-H.,	et	al.	(2014)	
Shifting	the	paradigm	from	pathogens	to	pathobiome:	new	concepts	in	the	light	of	
meta-omics.	Front.	Cell.	Infect.	Microbiol.	4:	29.	
		
153	
Vidal-Dupiol,	J.,	Ladrière,	O.,	Destoumieux-Garzón,	D.,	Sautière,	P.-E.,	Meistertzheim,	A.-L.,	
Tambutté,	E.,	et	al.	(2011)	Innate	Immune	Responses	of	a	Scleractinian	Coral	to	
Vibriosis.	J.	Biol.	Chem.	286:	22688–22698.	
Wagner,	J.,	Coupland,	P.,	Browne,	H.P.,	Lawley,	T.D.,	Francis,	S.C.,	and	Parkhill,	J.	(2016)	
Evaluation	of	PacBio	sequencing	for	full-length	bacterial	16S	rRNA	gene	classification.	
BMC	Microbiol.	16:	274.	
Wang,	Q.,	Garrity,	G.M.,	Tiedje,	J.M.,	and	Cole,	J.R.	(2007)	Naïve	Bayesian	Classifier	for	Rapid	
Assignment	of	rRNA	Sequences	into	the	New	Bacterial	Taxonomy.	Appl.	Environ.	
Microbiol.	73:	5261–5267.	
Warrell,	M.J.,	Riddell,	A.,	Yu,	L.-M.,	Phipps,	J.,	Diggle,	L.,	Bourhy,	H.,	et	al.	(2008)	A	Simplified	4-
Site	Economical	Intradermal	Post-Exposure	Rabies	Vaccine	Regimen:	A	Randomised	
Controlled	Comparison	with	Standard	Methods.	PLoS	Negl.	Trop.	Dis.	2:	e224.	
Wear,	S.L.	and	Thurber,	R.V.	(2015)	Sewage	pollution:	mitigation	is	key	for	coral	reef	
stewardship.	Ann.	N.	Y.	Acad.	Sci.	1355:	15–30.	
Wegley,	L.,	Yu,	Y.,	Breitbart,	M.,	Casas,	V.,	Kline,	D.I.,	and	Rohwer,	F.	(2004)	Coral-associated	
Archaea.	Mar.	Ecol.	Prog.	Ser.	273:	89–96.	
Wilhelm,	S.W.	and	Suttle,	C.A.	(1999)	Viruses	and	Nutrient	Cycles	in	the	Sea	Viruses	play	critical	
roles	in	the	structure	and	function	of	aquatic	food	webs.	BioScience	49:	781–788.	
Wilkins,	R.J.	(1973)	Serratia	marcescens	septicaemia	in	the	dog.	J.	Small	Anim.	Pract.	14:	205–
215.	
Williams,	A.D.,	Brown,	B.E.,	Putchim,	L.,	and	Sweet,	M.J.	(2015)	Age-Related	Shifts	in	Bacterial	
Diversity	in	a	Reef	Coral.	PLOS	ONE	10:	e0144902.	
		
154	
Williams,	G.	(2013)	Contrasting	recovery	following	removal	of	growth	anomalies	in	the	corals	
Acropora	and	Montipora.	Dis.	Aquat.	Organ.	106:	181–185.	
Wilson,	B.,	Aeby,	G.S.,	Work,	T.M.,	and	Bourne,	D.G.	(2012)	Bacterial	communities	associated	
with	healthy	and	Acropora	white	syndrome-affected	corals	from	American	Samoa.	FEMS	
Microbiol.	Ecol.	80:	509–520.	
Witt,	D.J.,	Craven,	D.E.,	and	McCabe,	W.R.	(1987)	Bacterial	infections	in	adult	patients	with	the	
acquired	immune	deficiency	syndrome	(AIDS)	and	AIDS-related	complex.	Am.	J.	Med.	
82:	900–906.	
Woodley,	C.M.,	Downs,	C.A.,	Bruckner,	A.W.,	Porter,	J.W.,	and	Galloway,	S.B.	(2016)	Diseases	of	
Coral	John	Wiley	&	Sons.	
Work,	T.M.	and	Aeby,	G.S.	(2010)	Wound	repair	in	Montipora	capitata.	J.	Invertebr.	Pathol.	105:	
116–119.	
Work,	T.M.,	Russell,	R.,	and	Aeby,	G.S.	(2012)	Tissue	loss	(white	syndrome)	in	the	coral	
Montipora	capitata	is	a	dynamic	disease	with	multiple	host	responses	and	potential	
causes.	Proc.	R.	Soc.	B	Biol.	Sci.	279:	4334–4341.	
Worm,	B.,	Barbier,	E.B.,	Beaumont,	N.,	Duffy,	J.E.,	Folke,	C.,	Halpern,	B.S.,	et	al.	(2006)	Impacts	
of	Biodiversity	Loss	on	Ocean	Ecosystem	Services.	Science	314:	787–790.	
Yeboah-Manu,	D.,	Kpeli,	G.S.,	Ruf,	M.-T.,	Asan-Ampah,	K.,	Quenin-Fosu,	K.,	Owusu-Mireku,	E.,	et	
al.	(2013)	Secondary	Bacterial	Infections	of	Buruli	Ulcer	Lesions	Before	and	After	
Chemotherapy	with	Streptomycin	and	Rifampicin.	PLoS	Negl.	Trop.	Dis.	7:	e2191.	
Yue,	J.C.	and	Clayton,	M.K.	(2005)	A	Similarity	Measure	Based	on	Species	Proportions.	Commun.		
Stat.	-	Theory	Methods	34:	2123–2131.
